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ABSTRACT

o f the dissertation of
o f Hal Thomas Nelson for the Doctor ooff Philosophy in
An abstract of
Public Administration and Policy presented April 26,2006.
26, 2006.

Title: The Interactions Between Carbon Regulation and Renewable Energy Policies in
the United Kingdom.

The power sector is experiencing profound changes worldwide as policies are
enacted to address the linkages between energy use and environmental degradation, as
well as improve energy security and local economic deveiopment
development outcomes. This
research examines the carbon dioxide (CO22) cap and the renewable energy quota in the
United Kingdom's
Kingdom’s power sector using a constrained optimization model of the U.K.
electricity grid. Scenarios simulate the dynamic nature of the supply curve for CO 22
mitigation based on the availability of nuclear technologies, energy efficiency
investments, fossil fuel prices, and access to emissions reductions from the EU CO 22 cap.
The analysis shows that energy efficiency investments underpin the success of
both the CO2
CO2 and renewables programs. Energy efficiency investments can eliminate
the need for new nuclear plants and make compliance with the CO 22 cap significantly

cheaper.

Under Baseline fuel prices, the CO2
CO 2 cap is a more efficient and effective means of
reducing CO2
CO 2 emissions than the renewables quota and will add considerable
renewables by itself, effectively making the renewables quota redundant. The modeling
results explicate the conditions under which the CO22 cap and the renewables target
compliment each other and when they conflict with each other. The modeling also
indicates that efficiency investments and renewable energy deployment under the CO2
CO 2
cap increase energy security in 2020 by reducing U.K.
U .K. dependency on natural gas for
electricity generation.
While the CO2
CO 2 cap and the renewables programs are likely to meet their
programmatic goals, the two programs are far from optimal in design and
administration. Potential institutional rivalries prevented a thorough examination of
o f the
interactions between the two programs and how to effectively administer them jointly.
Furthe1more,
Furthermore, the design of both programs results in increases in the price of electricity
without recycling any of the increase in producer profits back to consumers, leading to
huge shifts of wealth between sectors. Because of these factors, the U
U.K.
.K.
implementation of the EU Directive on the CO22 cap has important implications for
theories of multilevel governance.
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Introduction
Nation states consider the provision of cheap and reliable electricity a public
good. Every major economic sector requires electricity as an input; manufacturing
requires electricity for transforming raw materials into finished goods, agriculture needs
it to operate pumps and storage fans, and the service sector requires electricity for space
heating and cooling, lighting, and information processing. Electricity powers the huge
servers that fonn the backbone of the internet economy. In fact, if the internet is the
standard bearer of the late-industrial world, disseminating opinions, information and
ideas without hierarchies, then electricity is the horse and buggy that carries this burden.
Not only do modem information technologies require stable electricity supplies to
operate, but also the manufacture of capital goods such as semi-conductors and high
tech equipment requires a huge supply of electricity. Structural changes to economies
do not mitigate the need for reliable power. These economic transformations can
actually make modem economies more dependent on electricity as an economic input.
The unit of analysis for this study is the United Kingdom. The U.K. power
sector is facing other structural changes that most developed countries are facing as
well. It has a fleet of aging nuclear stations that are scheduled for decommissioning.
By 2015, nuclear energy output is scheduled to be reduced by 60% (ILEX / WWF,
2004). Since this source contributes about one fifth of the U.K.’s current generation,
this a significant loss of capacity. Also, the U.K. has a very old fleet o f coal plants.
These stations emit considerably more carbon dioxide (CO 2), particulate matter, sulfur
dioxide, mercury, and nitrogen oxide (NOx) than newer units. The Large Plant
-
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Combustion Directive enters into force on 2008, and will ultimately have dramatic
impacts on the power industry1.
The net result of these plant retirements is a profound shift in the industry. For
the last two decades, the U.K. has relied on cheap, plentiful North Sea natural gas for
meeting its electricity needs. But with the retirement of large parts of its nuclear and
coal fleet, the continuation of the growth in natural gas electricity generation would
leave the U.K. largely dependent on only one fuel. With North Sea output declining,
this is hardly a desirable policy outcome. The nuclear industry is arguing for
government guarantees for new nuclear plants to fill this energy gap. Fuel diversity is
partly the motivation for the aggressive renewables target and why the government is
willing to make consumers pay £1 billion more a year for 10% renewables by 2010
rather than continuing on with its current generation mix.
Because of its size, the electricity supply industry is central to any efforts to
reduce greenhouse gas emissions. The global electricity industry is one of the largest in
the world, accounting for over $700 billion in sales in 2002.2 This industry also
accounts for an average of about one third of developed countries greenhouse gases
(GHGs) and about half of GHG emissions in the developing world. The pervasiveness
of fossil fuels as energy inputs means every actor in the economy will be affected in
efforts to reduce GHGs. In addition, to stabilize GHGs levels in the atmosphere require
an 80% cut in emissions over the coming decades. Existing carbon intensive capital

1 The appendix contains more information on this Directive.
2 2002 IEA electricity consumption averaged at $. 05/kwh. Actual kwh revenues are likely much higher,
maybe approaching one trillion dollars.
-
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stocks will need to be replaced with lower polluting options in all sectors. Thus, carbon
regulation represents the broadest and deepest government economic intervention in
modem history. It is this author’s perspective that climate policies represent a unique
opportunity to study regulatory economics, interest group activity, individual behavior
and international relations all relating to regulatory activity.
The two types of regulatory interventions used to reduce GHGs that are
researched in this paper are caps on the emissions of greenhouse gases by industry, as
well as statutory requirements for the inclusion of renewable energy by utilities. In
brief, the carbon caps will raise the price of fossil fuel generation by incorporating a
“carbon adder,” a value for the externality of climate change associated with the carbon
intensity o f the generating technology. The positive relationship between carbon
intensity and wholesale electricity costs is intended to make high carbon generation
sources such as coal more expensive and subsequently ensure that lower carbon sources
such as renewables are more competitive.
Similarly, the deployment of renewable sources of electricity that are much less
carbon intensive is a key part of any long-term solution to preventing climate change.
Hydropower, wind and solar are all ways to produce electricity without releasing GHGs.
Yet, in spite of the apparent goal congruence between GHG reductions and the
deployment o f renewables, policymakers tend view them as substitutes for each other.
Here in Oregon, the organization responsible for electricity planning, the Northwest
Power Planning Council, recently released its 5th Power Plan. The plan assumes that if a
carbon cap is implemented that any renewable energy incentives disappear (NW
-3-

Council, 2005). This type of assumption is not limited to the U.S. A recent German
study claimed that with the implementation of the CO 2 cap, then Germany would be
able to stop subsidizing renewable energy (Dow Jones, 2004). Investigating the truth
behind this common assumption is another an important contribution from the study.
In spite of the cost of the regulatory interventions that are facing one of the
largest and most important industries, very little modeling has been done to understand
the interactions between the CO2 program and the renewables program. The carbon cap
needs to be one component of a climate change policy, but it also needs to be integrated
with renewable energy goals. A new methodology of analyzing the potential interaction
between these two programs is necessary to ascertain the effectiveness and efficiency of
the carbon cap and the renewables quota in operation simultaneously.
In both the environmental and energy policy areas under consideration, the
European Union (E.U.) is the world’s policy innovator. It has promulgated GHG
regulation much more quickly than other developed countries. Canada and Japan are at
least two years behind the E.U. in regulating their large emitters. Furthermore, the
Member States in the E.U. are world leaders in policies to deploy renewable energy.
Germany has the most installed renewable energy sources of any country in the world
using special tariffs for green electricity. At the same time, the U.K. has adopted
ambitious targets for renewables using market mechanisms (DTI, 2005). The Member
States of the E.U. are acting as laboratories for policy experimentation, much as the
states in the U.S. have done traditionally for the federal system. This policy
experimentation is another reason that this research is so important. Given these
-4 -

considerations, the E.U. policies on GHG regulation as well as its renewables policies
are the natural subject for study. The world is watching the E.U. as a policy innovator.
These policies will be diffused internationally, most likely before there is enough data to
adequately assess their efficacy. In the electricity industry, poorly designed
implemented policies are potentially very expensive and disruptive for producers and
consumers. However, before the interactions between the CO 2 cap and the renewables
target can be explicated, a short background on the power sector is necessary to lay the
foundation for the analysis.

I.

Background: Exogenous Change for the Electricity Supply Industry
Up until the last few decades, the electricity supply industry was considered a

natural monopoly where it is more efficient to regulate the profits of a small number of
actors, rather then have firms compete for profits. For example, to have competitors
stringing up redundant transmission lines was assumed to be a waste of capital.
Regulators limited the tariffs that utilities could charge and included capital
expenditures in utilities rate base. The rate base is the value of assets that utilities are
given the opportunity to earn a specified rate of return. Regulators rule on what assets
should be included in the asset base, what are allowable costs to pass through to the
ratepayer or what need to be absorbed by shareholders, and what rate of return is
acceptable. For the most part, the electricity sector remains one of the most heavily
regulated industries, especially outside of some Commonwealth countries and the U.S.
However, the view that the electricity supply industry is a natural monopoly has
been modified to encourage competition. Microeconomic theory argues that in the
absence o f a natural monopoly, markets are efficient due to competition among firms.
Low cost producers drive higher cost rivals from the industry, which then consolidates.
Since regulated utilities do not face competition, the introduction of competition should
reduce the productions costs in that industry and increase the amount demanded. The
supply curve will then shift out to meet demand at the new lower price. The U.S. Public
Utilities Regulatory Policy Act of 1978 required that utilities purchase electricity from
“qualifying” facilities at the cost of avoided power. The Public Utilities Regulatory
-
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Policy Act set the stage for the competitive bidding process for electricity resources that
is common in the industry today.
The other main Federal policy driver for liberalization was the Energy Policy
Act of 1992. The Energy Policy Act created exempt wholesale power generators that
could market power to traditionally regulated utilities, who then could buy power from
these actors rather than build generating assets. This decentralized the resource
procurement process and gave states more jurisdictional authority to (de)regulate their
electricity markets (Jurewitz, 1994, p. 183). The architects of the Energy Policy Act
concluded that competition in the electricity generation market would reduce the
economic risks that customers face, including delays and construction cost overruns on
new plants, and operating inefficiencies whose costs the utilities can pass on to their
customers (EIA,1993, p. 57-58). Thus, the Energy Policy Act opened up the electricity
generation industry to competition from private firms, setting the stage for the states to
allow electricity users to decide who supplies their power. Today, 18 states and the
District of Columbia allow retail access to competitive power markets (EIA, 2002).
In 1996 the E.U. formalized its deregulation efforts in the E.U. Directive
96/92/EC on internal electricity markets. The E.U. Directive gave transmission and
distribution assets to independent power producers (Bongaerts, 2003). The Directive
also theoretically ended national monopolies for generation. Some Member States have
moved towards market liberalization more quickly than others. The U.K. and the
Netherlands have more competitive power markets than those in Germany and France,

-7 -

where protected and inefficient “national champions” dominate the generation,
transmission, and distribution of electricity (The Economist, 2006).
Along with the trend towards liberalization, the electricity supply industry finds
itself facing change from larger social forces. In the early 1990s, scientists became
concerned that anthropogenic emissions of heat-trapping gases into the atmosphere
might be causing changes in the global climatic system. Climate scientists have issued
increasingly stringent statements summarizing the state of knowledge about global
warming. The Intergovernmental Panel on Climate Change (IPCC) is comprised of
2500 scientists and represents the largest peer reviewed scientific effort in history. In
1995 the Intergovernmental Panel on Climate Change stated that “The balance of
evidence suggests a discernible human influence on global climate” and in 2001
concluded, “There is new and stronger evidence that most of the warming observed over
the last 50 years is attributable to human activities.” (IPCC, 2001, p. 10). The
Intergovernmental Panel on Climate Change projects that the coming century will bring
temperature increase of 1.4 to 5.8 degrees Celsius by 2100, barring significant changes
in consumer and industrial behavior.
As a result of the scientific understanding, the UN convened the Framework
Convention on Climate Change. In 1997, international negotiations yielded the Kyoto
Protocol, an agreement to reduce human GHGs to an average of 5% below 1990 levels
by 2012. The industrialized world, including Russia and Ukraine, can trade GHG
emissions permits amongst themselves to reduce the costs of emissions reductions. The
developed countries can also solicit developing country participation through the use of
-
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the Clean Development Mechanism. This market mechanism allows firms and
governments to sponsor emissions reductions projects in the developing world and
firms can then receive credit for them against reductions targets in their home country in
the North.
In addition to stakeholders’ concerns about greenhouse gases, the power sector
is also under pressure to incorporate more renewable energy technologies into the
system. Renewable energy produces few of the nasty airborne pollutants, such as
mercury and NOx and particulate matter, that fossil fuels do. Renewables developers
also advocate the energy security benefits from these sources; rather than oil and natural
gas coming from unstable foreign countries, renewables offer a homegrown approach to
energy security. Furthermore, due to their decentralized nature, renewable sources of
electricity offer less inviting targets to terrorists than nuclear power plants or gas
pipelines. Another benefit from renewables is their potential contribution to rural
economic development. Each wind turbine in a farmer’s field produces about $2,000 in
royalties to supplement traditional sources of agricultural income. Operating and
maintenance o f the turbines creates additional jobs in rural economies. Finally, the
technologies used to produce green power offer significant export potential, adding to a
country’s trade balance. The positive externalities from renewables mean that the

3 The U.K. Government’s renewable energy policy has five key aims: to assist the U.K. to meet
national and international targets for the reduction o f emissions including greenhouse gases; to help
provide secure, diverse, sustainable and competitive energy supplies; to stimulate the development o f
new technologies necessary to provide the basis for continuing growth o f the contribution from
renewables into the longer term; to assist the U.K. renewables industry to become competitive in home
and export markets and in doing so provide employment; and to make a contribution to rural
development. From U.K. DTI (2001) New & Renewable Energy Prospects for the 21st Century: The
-9 _

power sector is under pressure for greater inclusion of these sources of electricity.
However, there are significant structural, technological and organizational barriers that
hinder renewable energy deployment. Current incentive structures are not great enough
to overcome the barriers (Helm, 2002). The market incentives for renewables in certain
countries will not supplement the installation of higher cost renewable technologies
(Armitage and Biggs, 2003).
I. A. Situating the Importance of this Research in the Broader Literature
Prior to reviewing the specifics of the CO2 cap and the renewables quota, as well
as how they might overcome barriers to clean energy deployment, it is worth identifying
where these two programs fit in the broader literature on energy and the environment.
The etymology of the word energy comes from ancient Greek meaning in-work. In
physics, energy is still defined as the ability to do work. Physic’s first law of
thermodynamics states in closed systems energy cannot be created or destroyed, only
changed forms. This law forms the basis for concerns about climate change when waste
is released into the atmosphere as fossil fuels are transformed into work (electricity)
through combustion. The waste carbon increases the energy in the atmosphere and
results in more severe weather events and an increase in mean global temperatures.
The goal of the CO2 cap is to reduce the release of waste energy from the
combustion of fossil fuels into the atmosphere. A program that reduces waste while
leaving output unchanged improves the materials balance in production by increasing
the efficiency with which resources are utilized (Pearce, 2000). WRI estimates that the
Renewables Obligation Statutory Consultation.
http://www.dti.gov.uk/renewables/publications/pdfs/energymaster.pdf
-
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annual total materials requirements in select OECD countries in 1997 was between 45 to
80 tons per capita (Matthews, et al, 2000). The report notes the atmosphere is the
biggest “dumping ground” for the waste of industrial economies. Per capita emissions
of CO2 equivalents in the U.K. were approximately 11.1 tons in 2000 (WRI, 2006).
This is less than half the U.S. average of 24.5 tons per capita. The U.S. figure is higher
due to more coal fired electricity generation and more transportation related emissions.
The EU CO 2 cap reduces waste in three ways; by decreasing energy use through
end user efficiency, switching to lower carbon content fuels through fuel switching, or
moving to electricity technologies that come from renewable sources of energy such as
the sun, wind, biomass (that draws C 0 2 from the atmosphere before it is combusted), or
geothermal. The renewables target similarly improves a system’s efficiency by adding
low carbon sources of electricity. The net effect of these activities is to close the
materials balance where the energy content of a fuel is transformed more efficiently for
work and less is released as waste products.
Improving resource efficiency is perhaps the most important goal of the C 0 2 cap
and the renewables target. However, the scope of this research goes beyond resource
efficiency and materials balance to examine the systems of governance for the CO 2 and
renewables programs. EU Directives, such as the CO2 cap, compose up to fifty percent
of Member States’ legislative and administrative agendas OECD, 2005). The EU
institutions of the European Commission, Parliament, and the European Court of Justice
represent supranational decisionmaking bodies that have added an extra layer to national

-
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and subnational jurisdictions and have spawned a new line of academic inquiry into
multilevel governance.
The issue of how the U.K. has implemented EU Directives provides an
important test of empirical theories about policy implementation in systems of
multilevel governance (Anderson and Eliassen, 2001). “Multilevel governance implies
a reform o f the regulatory process, in the absence of which there is a risk of a damaging
accumulation of overlapping rules” (OECD, 2005). The U.K. gave authority to
implement the EU Directive on climate change to a different agency than the one in
charge of the renewables target. The ability of these two agencies to share consultation,
planning, and coordination functions speaks to the efficacy of the entire supranational
EU political design. This research hopes to inform important theories about regulatory
governance as well resource efficiency.

-

12

-

II.

Policies for Renewable Energy Deployment and GHG mitigation
In order to investigate governance issues around resource efficiency programs,

an analysis of how these efficiency programs can be designed is essential. As mentioned
previously, the power sector is one of the most heavily regulated industries in the world
because at least parts of it are a natural monopoly. Another reason the industry is
heavily regulated is because of the large point sources of pollution that the industry
emits.
Given that the power sector is an industry with heaps of externalities, the
question then becomes what is the best way to regulate the power sector. Command and
control, or end-of-pipe regulation, has been the traditional method of regulating
pollution from large emitters. However, market instruments are another option to make
regulations potentially less burdensome for producers and less costly for consumers.
Several types of market instruments will be analyzed in this paper. The results of these
analyses can contribute to the dialogue about regulatory design of the power sector.
Given that the power sector in the U.K is the most deregulated in the world, these
analyses could have implications for the inclusion of externalities through market
instruments in other sectors.
II. A.

Taxonomy of Renewable Energy Policies and Measures
Policies to increase the amount of renewables can be bifurcated into two

categories, supply or demand based. Because there is some overlap between the two,
the categories of supply and demand management should be viewed as a heuristic rather
than strict classifications. Demand management policies include the two most common
- 13 -

forms used to increase renewable energy supplies: renewable portfolio standards and
voluntary programs. Voluntary programs allow end-users to pick from a portfolio of
energy supplies that include “green power”. Renewable portfolio standards (RPS) are
becoming increasingly popular in the U.S. and the E.U. In an RPS, regulators target a
fixed percent o f a region’s electricity to be generated from renewable sources by a
certain date. An RPS can require that either sales to end-users or installed capacity of
renewable generation meets the renewables target. The U.K. Renewable Obligation
has mandated that electricity suppliers purchase 10% renewables of their total electricity
sales by 2010, rising to 15% by 2015.
One way electricity suppliers can meet their quota under the Renewables
Obligation is through the use of a market-based instrument known as Renewable
Obligation Certificates (ROCs). These certificates represent the additional generation
attributes o f renewable energy including reduced emissions of sulfur dioxide (SO2 ),
nitrogen oxide (NOx) and CO2 when compared to traditional thermal-based electricity
generation. In theory, the Obligation is supposed to monetize the emissions benefits
associated with renewable energy. This disaggregation of the “green” attributes is
intended to provide a second revenue stream for renewable energy developers and
increase the penetration of renewable energy sources.
Regulated actors can purchase renewable energy certificates from power
developers to comply with renewables obligations. Regulated actors benefit from a
renewable energy marginal cost curve that varies markedly between regions depending
on renewable resource supply. Regions with significant on-shore wind resources can
- 14-

develop renewable resources more cheaply than areas with only offshore wind which
requires a more involved installation process. The effects of regional supply on
renewable energy certificates can be substantial. Consider Texas with its abundant wind
resources versus the Northeast U.S. region that has lower quality wind and other
renewable resources. Texas compliance renewable energy certificates for 2005 trade in
the $13-14/MWh range while in Massachusetts, 2005 renewable energy certificates are
quoted in the $50 range.4 While the discrepancies in prices between these two
renewable energy certificates is also likely due to differing regulatory requirements, the
impacts of supply limitations in the Northeast is also apparent.
The other primary demand management strategy for increasing renewables is
feed-in tariffs. Initiated in California during the 1970s, feed-in tariffs have a much
longer track record. Feed-in tariffs guarantee a long-term subsidy to renewable
electricity generators based on the quantity of MWh supplied to the grid. By providing
a long term cash flow, the tariff helps to overcome one of the major barriers to
renewables deployment, that of financing shortfalls. Feed-in tariffs have been hugely
successful in increasing the deployment of wind energy. In fact, the aggressive feed-in
laws in Germany, Spain and Denmark during the 1990s have been so effective that
these countries represented 84% of total E.U. renewables generation by 2001 (Meyer,
2002). In spite of their successes, feed-in tariffs have the potential to be economically
inefficient. If the tariff structure is overly generous, or is fixed over time, it doesn’t
account for declining production costs. Generating costs from wind turbines have

4 As o f April 19, 2005. http://www.evomarkets.com/
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declined by 80% since the 1980s (EWEA, 2003). Thus, fixed tariffs can provide excess
rents to renewables generators who added low cost capacity in the later years of the
tariff program. However, the higher relative production costs experienced by early
movers were largely offset through capturing the low hanging fruit of developing sites
with the greatest wind resources.
In summary, feed-in tariffs rely on regulatory incentives rather than incentives
for green power determined by supply and demand forces under an RPS. The levels of
these incentives have been more “sticky” than market determined incentives, although
this is changing as rates generally decline over time under new feed-in laws such as the
2004 Renewable Energy Sources Act in Germany. While this stickiness leads to a less
efficient allocation of resources, it also contributes to a greater penetration of renewable
energy. Germany’s feed-in-tariff has been hugely successful in terms of the amount of
installed capacity o f renewable energy, but the subsidization of renewable energy cost
$.05/kWh ($50/MWh) in 2001 (Waltz and Betz, 2003). The aggregate cost to
consumers and/or taxpayers from the tariff could be crippling should renewables levels
continue to rise.
Like a feed-in tariff, the production tax credit offers incentives for renewables
suppliers. The most prominent example of a renewable energy subsidy is the federal
production tax credit for wind and closed loop biomass established under the U.S.
Energy Policy Act of 1990.

Although the Act briefly expired in 1999, it has

subsequently been reinstated until December 2007. The federal production tax credit
has resulted in substantial tax benefits for renewable energy developers who can use the
- 16-

tax credit to shield project income from federal taxes. Developers receive a tax credit of
approximately 1.6 cents per kilowatt/hour of energy produced from these sources. The
U.S. E.P.A. (2001) estimates that in 1995 alone, federal tax expenditures under this
program were $970 million. However, the production tax credit has been authorized
intermittently and for short periods. There is considerable uncertainty in this source of
pseudo-revenue as tax credits only contribute to the bottom line if a company is
profitable. This uncertainty can lead to problems in project financing for renewables
developers and has negatively impacted the level of installed capacity in the U.S.

The U.K. Renewables Obligation
Although some of the E.U. Member States are world leaders in renewable
energy deployment, the European Union has determined that a minimum level of
renewable energy should be met. The result is the 2001 Directive on Renewable
Energy. The E.U. adopted a policy that targets 22.1% of electricity coming from
renewables by 2010, and mandates that “Member States shall take appropriate steps to
encourage greater consumption of electricity from renewable energy sources” (EC,
2001, Article 3.1)
The 2001 Directive is conducive with the E.U. principle of subsidiarity, which
entails that decisions be made at the lowest level of social organization. Member States
are allowed to implement the Directive in the means that they see fit. Some states like
Germany have chosen feed-in tariffs, while the U.K. has the most prominent RPS
approach. Since April of 2002, the Department of Trade and Industry has required that
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all licensed electricity suppliers produce certificates representing the generation of
renewable energy for a certain percent of their total electricity sales. The 2001
Renewables Obligation requires 4.3% of electricity be from renewable sources in 20032004, and rises to 10.4% by 2010-2011 and 15.4% in 2015,
Because of the ambitious target under the Obligation combined with the
difficulties in developing renewables projects, the U.K. government estimates that
suppliers will not be able to acquire sufficient certificates to meet compliance (U.K.
National Audit Office, 2004). The following chart displays the range of possible
renewables installations under the Renewables Obligation. Only under the high
scenario do installations equal the 2010 target of 10.4%. Furthermore, the slope o f the
installation curve is relatively flat, equaling approximately 1% a year from 2006-2007.
Should this trend continue, the government’s goal of 15.4% by 2015 will barely be met.

- 18 -

Figure 2-1: Renewables Deployment Paths (source: U.K. National Audit Office,
2004)
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If a supplier is unable to surrender the required amount of certificates, then it can
make a buy-out payment to the program administrator for the shortfall. The government
forecasts that Renewables Obligation Certificate prices will stay near the buyout price
for some time to come (U.K. PIU, 2001a). The buy-out, set at £30.51 for 2003-2004,
acts as a cap on the cost o f the program to suppliers and to consumers. At the end o f the
year, the total buy-out revenues are redistributed to suppliers who have surrendered
renewables obligation certificates. This mechanism is known as “Smear-Back” and adds
to the revenues that renewables developers can receive.
Note that the Obligation applies only to estimated electricity sales by licensed
suppliers which was equivalent to about 3 16k GWh in 2003-2004 (U.K. DEFRA,
2005d). In contrast, the amount o f electricity supplied to the grid was closer to 400k
- 19-

gigawatt hours (GWh). The difference is attributable to transmission and distribution
losses, electricity used on site, and the differences between estimated and actual sales of
electricity by licensed suppliers. The U.K. methodology effectively exempted over 20%
of electricity generation from the Obligation as compared to a requirement based on
gross supplies to the grid.
The U.K. Renewables Obligation eases the compliance burden for regulated
actors by included banking provisions allowing unused renewable energy certificates to
be carried into future compliance periods. Banking can provide reduction in price
volatility by smoothing out supply. However, banking provides overcompliance
incentives in phase 1 if prices are expected to be higher in phase 2.
If renewable energy suppliers are not required to sell the renewable energy
certificates generated in a certain period they could bank renewable energy certificates
until the next period, exercising market power and causing spikes in prices given the
fixed demand. This is one of the reasons for a price cap, or safety valve, to be imposed
on renewable energy certificates.
In sum, feed-in tariffs and renewable portfolio standards programs attempt to
increase the amount of renewables in the grid portfolio. Feed-in tariffs rely on price
signals set by regulators to incentivize actors’ behavior. The amount of renewables that
actually get installed can undershoot or overshoot a program’s specified targets.
Regulators then don’t have control over the amount of renewables installed. In contrast,
the renewables portfolio standard allows regulators to set the desired targets, but lets the
market determine the premium renewables receive. Renewable energy certificates
-
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represent the non-power benefits from renewable resources and often are the means for
electricity suppliers to prove compliance with the renewables target.
Il.B.

Taxonomy o f GHG Regulation Policies and Measures
Policies to reduce GHG emissions in the electricity generation sector also fall

into one of two categories; carbon taxes or carbon emissions trading systems. Carbon
taxes are generally considered relatively easy to administer as they mimic existing taxes
on petrol, and can be implemented on other fuels such as gas and coal at mine mouths
and ports of entry (Hargrave, 2000). Due to the economic efficiencies associated with
taxes, especially when used to reduce other more distorting taxes, and the ease of
administration economists tend to argue strenuously for taxes over subsidies or
command and control (Nordhaus, 2003).
Tradable permit programs are considered an alternative to environmental taxes.
Often called a cap-and-trade program, permits have several advantages over taxes.
First, instead of regulators’ establishing the price for permits, markets determine price
through supply and demand based on a “cap” level of emissions set by regulators. The
total allocation of allowable emissions is set to decrease over time, forcing firms to
increase efficiency or to pay stiff penalties on excess pollutants. Efficient units that do
not need permits can sell them to less efficient producers.
The U.S. Acid Rain program is generally considered the model for emissions
trading. The political environment became favorable for the initiation of this program
because of the problems with acid rain falling in the Northeastern U.S. and Canada from
coal-fired utility and industrial plants in the Midwest and on the East Coast. Under a
-21
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cap and trade model, the EPA allocated emissions allowances amongst power
generators and qualifying industrial plants. These participants were allocated allowances
according to a complex formula based on historical emissions. Firms were then able to
emit up to their limit, buy credits to emit past their limit from other participants, store
credits, or sell unused credits. This program allowed industries to comply with sulfur
dioxide emissions requirements for $100 per ton compared with initial estimates of
$400-1,000 per ton (Swift, 1998).
Proponents of economic incentives such as emissions trading schemes
consistently point to two components responsible for their economic successes; gains
from trade and overcompliance. Permit trading allows operators to profit from what
economists call gains-from-trade. In this case, a firm with a high marginal cost (cost of
one additional unit) of abatement can pay a firm with a lower marginal cost of
abatement to reduce emissions. The payment counts as a reduction for the high cost
emitter. Instead of purchasing expensive abatement equipment for a quick fix, actors can
purchase cheap credits from a low emitter and invest the difference in the cost between
the two alternatives. Over time this provides firms with capital to invest in new
technologies or in fuel switching that provides more long-term efficiency (Petsonk,
Dudek, Goffman, 1998, p.5).
The other economic advantage of market mechanisms over command and
control is that they allow operators to utilize their entrepreneurial skills in pursuit of
pollution abatement. Rather than static taxes on fossil fuel inputs or limits on emissions,
competition and innovation help defray costs and invite operators to employ their own
-
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ideas to maximize emissions reductions and sell excess allowances in the marketplace.
Inherent in a multi-year cap and trade program is a mechanism for temporal and
geographic flexibility. The mechanism is suitable for emissions such as sulfur dioxide
and carbon dioxide that have long environmental lifetimes and are spread over large
areas (Petsonk, Dudek, Goffman, 1998, p.20). Temporal and geographical flexibility
allows a utility to “bank” low emissions during a warm winter to offset the high
emission encountered in a later cold winter. Similarly, during a drought a low emitting
hydro-powered utility would have unused credits with which to offset energy supplied
by a high emitting coal utility on the same energy grid. Under one model’s prediction
these market mechanisms enable the cost o f compliance to fall dramatically under the
protection scenario akin to Kyoto compliance. With no trading, marginal abatement per
ton ranges from $139 to $304 for the U.S. and the E.U. respectively. If global emissions
trading is allowed, marginal abatement costs fall to $24/ton resulting in costs falling
73% to 92% of the original estimates (Pew, 1999).

E.U. Emissions Trading Scheme and the U.K. National Allocation Plan
In July of 2003, the European Parliament approved a landmark carbon dioxide
emissions trading scheme (ETS). The ETS represents the first large-scale attempt to
regulate GHGs as well as the largest regulatory program ever to rely on economic
instruments to help meet its policy goals. The scheme covers the E.U. 15 countries as
well as the 10 accession countries and began trading on January 1,2005. The E.U. ETS
is implemented in phases; the first phase runs from 2005 to 2007, and the second phase
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runs from 2008-2012 coinciding with the first commitment period of the Kyoto
Protocol.
The E.U. ETS is a “cap and trade” program that proceeds at two levels; first
capping emissions, then setting up the infrastructure to trade emissions allowances
amongst regulated actors. The first level attempts to operationalize the E.U.’s Kyoto
commitment to reduce GHGs to 8% below 1990 levels by 2012 through allocating
emissions reductions targets for each state. Meeting Kyoto is not a “given” for the EU in
spite of the addition of the Central and Eastern European states that have excess
emissions allowances under Kyoto’s accounting methodology. The European
Environmental Agency estimates that emissions from the electricity supply industry will
decrease by 6% below 2010 levels if “additional domestic measures” are implemented,
including the ETS. Without these measures GHG emissions from the sector are
forecasted to increase by 2%. The Agency also predicts that the Directive on
Renewable Energy is not likely to be met. (EEA, 2003, p.6). Therefore, if renewable
installations fall short of its target, the electricity supply industry will not meet its share
of the 8% reduction required by the Kyoto commitment.
Each Member State has submitted a National Allocation Plan to the Commission
that sets emissions caps for regulated sites. These sites primarily include electricity
generators and industrial emitters having combustion plants with a rated thermal input
o f greater than 20MW capacity. Each actor is required to possess an allowance for each
ton of greenhouse gas emitted. Penalties for non-compliance equal €40/ton in the first
period (2005-2007) and €100/ton in the second (2008-2012). Agriculture and transport
-24-

are not included in the first phase. Similarly, the residential sector is not directly
regulated but rather regulated “upstream” at the power plant and distribution level. Up
to 5% o f the total cap may be auctioned by the government to new entrants in the
market to discourage anti-competitive behavior.
At the trading level, low carbon fuel producers such as gas processors would
have to hold fewer allowances per unit of sales than would petroleum or coal fuel
processors. Their excess allowances could be sold to firms requiring more carbon
allowances, thus reducing the relative price of low carbon fuels. Allowances that are
traded are registered in national databases, while an E.U. registry will verify allowance
transfers between Member States.
The E.U. Linking Directive allows for emissions reductions projects
implemented in other countries to be credited towards compliance. These “offset”
projects reduce emissions from the capped installations and offset the regulated
emissions. Projects can be done in other Member States, or in remote locations such as
India or China. The ETS recognizes international projects through the Kyoto flexibility
mechanisms including the Clean Development Mechanism and Joint Implementation.
However, Joint Implementation projects in other developed countries will be eligible
beginning in the second compliance period in 2008, while projects implemented in
developing countries are eligible from 2005. Limits on the import of credits are set at
6% of installation level caps in the second commitment period. The limits are subject to
review in the second compliance period to ensure that international purchases are
“supplemental” to domestic mitigation.
-25 -

CO?, emission allowances allocated in the first phase cannot be carried over into
the second period. Although weak national allocation plans are likely to limit demand,
the volatility of prices in the first phase could be great as actors need to surrender that
exact number of allowances for compliance.
Setting the U.K. Cap for the EU Emissions Trading Scheme
The U.K. has an overall domestic goal of reducing economy-wide CO 2
emissions to 20% below 1990 levels by 2010 as established in the Energy White Paper
(2000) and Climate Change Programme (2000) documents and repeated in most other
communications on the issue as well. The goal requires reducing emissions from the
1990 level of 605 million tons down to 484 million tons, for a reduction of 119 million
tons. The government has not stated interim goals for 2015, but given the target for
cutting GHG emissions by 60% by 2050 (Royal Commission on Environmental
Pollution 2000, Blair 2003) it is likely that the 2015 target will be at least as stringent as
the 2010 goal. In spite of the ambitious goal and the U.K.’s efforts towards reductions,
the U.K. is expecting a gap in compliance in 2020 of 35 million tons economy-wide
based on available measures (U.K. DTI, 2004).
In May of 2004 the U.K. released its national allocation plan of 736 million
allowances split across its major emitters over a three-year period, roughly 245 million
allowances a year. Sectors covered by the ETS then represents only about 45% o f total
U.K. emissions with transport and non-CO? gases comprising the most of the balance of
U.K. emissions. The government claims that the national allocation plan was developed
in three discrete stages (U.K. DTI, 2004). The first step was the economy wide
-26-

determination of the cap level. The U.K. determined its national allocation based on the
target set forth in its Climate Change Programme (2000). This target is its Burden
Sharing Agreement with the EU of a 12.5% reduction contributing to continued
reduction of 20% by 2020. The government envisioned significant reductions to come
from emissions trading in the Programme, but did not have policies in place to achieve
this (U.K. DEFRA 2004). Based on the available emissions projections it was
determined that the needed reductions equated to approximately 5.5 MT for the
regulated sectors in the National Allocation Plan. The second step required that
reductions were allocated to individual sectors within the Scheme. It was determined
that the power sector would be responsible for the entire 5.5 MT reduction. This topic is
discussed in more detail on the following pages. Finally, allowances for each
installation were based on the average of highest emissions in a five-year period
between 1998-2003, with the lowest individual year dropped.
While the power sector is not the only sector regulated under the EU ETS, it has
been allocated responsibility for all required emissions reductions in the first phase of
the ETS from 2005-2007. In other words, the other sectors such as chemicals,
refineries, food and drink, etc. were allocated emissions equal to their average emissions
over the last five-year period (less an allowance for New Entrant Reserves). The
absolute reduction required from the power sector is approximately 27 MT CO2 , from
an estimated 164.2 MT in 2005 to 137.1 MT under the cap (U.K. DEFRA, 2004b)5.

5 The U.K. government was one o f the first governments to submit its allocation plan to the EU
Commission and did state that it was in the process o f developing new emissions projections. However,
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This means that the Government has faith in the power sector’s ability to deliver
reductions. The allocation plan also included the reductions already agreed to and
expected under the CCA and CCL and other efficiency programs.
What lead the government to intervene significantly in this sector and not in
other sectors in the ETS?6 First, the sector is heavily regulated already. Electricity
suppliers have to prove compliance with the Renewables Obligation as well as the
Energy Efficiency Commitments. But the most prominent reason given for this decision
is due to competitiveness concerns. For example, the regulatory impact assessment
(U.K. DEFRA, 2005e) states:
The electricity generators are more insulated from international competition than
other industry sectors, and Ministers have therefore agreed the generators should
have a more stringent emissions allocation. Reducing the allocation to other industry
sectors might have a greater impact on U.K. competitiveness as these sectors are
exposed to greater international competition in particular from countries not covered
by the EU ETS. (p. 9)

when other Member States submitted rather weak allocation plans the U.K. resubmitted a revised plan
with 20 million more allowances. The Commission decided not to hear the U.K. appeal.
6 To damn the government with faint praise-it was apparently relying on a continuation o f the fuel
switching that has been going on in the power sector for the last several decades. Generators have
historically switched from coal to natural gas based on the cost advantages o f abundant North Sea gas.
The NAP states the new gas plant is “the electricity generators’ commercial preference for new
generating capacity” (U.K. DEFRA, 2004b, p. 45). The government didn’t release details o f the
modeling behind its Updated Emissions Projections, but the modeling shows an assumed decline in
C 0 2 emissions from 158.2 MT in 2002 to 147.1 in 2005 and 139.0 in 20 106. However, with the rise in
oil prices (and subsequently the price o f natural gas) this cost differential has been reversed. Coal
generation is now cheaper than even the most efficient gas turbines. If the government was relying on
the assumption o f cheap gas, it discounted the power o f market forces to shape generating outcomes—
the very market forces that it is trying to unleash by implementing economic instruments for renewables
and C 0 2 mitigation.
-28
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The DEFRA website also mentions the same reason for the electricity sector being
solely responsible for reductions7. Thus, the government is concerned about the loss of
competitive advantage to “countries not covered by the EU ETS”.
The final reason that the government placed the emissions reductions solely on
the power sector is an almost mythical belief in the ETS to “deliver” reductions. The
U.K. has been a world leader in developing market based regulatory instruments, as
evidenced by the Renewables Obligation and the U.K. ETS. Yet in spite of this
experience, the government has apparently forgotten the fundamental principle of
emissions trading: that cost savings is achieved only when there are large differences in
the marginal cost of mitigation between actors. If marginal costs are roughly equal, then
the gains from trade are lessened. By limiting the required reductions to one sector, that
has largely homogenous mitigation opportunities costs in the form of new renewables,
the government has potentially limited the gains from emissions trading that it is such an
adamant supporter of. This could occur because reductions from sectors other than the
power sector might not flow into the ETS because of existing market barriers and
market failures to energy efficiency.
The studies of efficiency gains in the industrial sector show large CO2 benefits
available at much lower costs than new renewables in the power sector (U.K. IAG,
2002) While the industrial sector is covered under the ETS, without binding emissions
reductions the existing market barriers that prevented management from capitalizing on
cost effective reductions in the past might still be in place. Non-fmancial barriers such
7 http://www.defra.gov.uk/environment/climatechange/trading/eu/nap/amend.htm
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as a lack o f management commitment, organizational knowledge and capital shortages
will still exist in these firms even after the implementation of the ETS. So to the extent
that the ETS increases electricity costs, the government might be discriminating against
grid supplied, electricity intensive businesses while sheltering inefficient installations
under the NAP that are not required to improve efficiency. Assuming that the
government could shield U.K. firms from the effects of the ETS because they are “not
subject to competition from firms outside the EU ETS” (U.K. DEFRA, 2004b, p.6) was
either an attempt to market their decision to gain support from key industrial allies, or
else a classic example o f compartmentalized thinking that can lead to economic
distortions. A better approach (one that recognizes the existence of non-financial market
barriers to energy efficiency) would have been to require at least token reductions from
all sectors in order to raise the salience of the issue for managers who could then
capitalize on cost effective efficiency options.
II.C. The Balance of the U.K. Climate Change Programme
The Renewables Obligation and the EU Emissions Trading Scheme are integral
components of the U.K.’s Climate Change Programme. Other policies and measures in
the Programme address end user and generation efficiency. The result is what any
astute observer would consider a crowded policy space. Each of these efficiency
measures is potentially important as they reduce the need for GHG reductions under the
ETS and the Renewables Obligation.
In addition to the EU ETS, the U.K. developed its own emissions trading system
in 2002. The U.K. government allocated £215 for incentives for the five years of the
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Emissions Trading System that runs through the end of 2006. Rather than bidding on
prices, participating organizations bid for quantities of emissions reductions for different
price tranches. For example, at the opening price of £100 participants bid on the
quantities of emissions reductions that they were prepared to make. The bidding was
repeated at each lower tranche until the aggregate reductions of the lowest price equaled
the incentive budget. Agreements were reached with 34 participants to reduce
emissions by 11.88 million tons of CO 2 over the commitment period. The average price
for the reductions at the auction was approximately £17.79 per ton (U.K. NAO, 2004, p.
14).
However, participants have significantly exceeded their initial targets during the
first three years. For the 2002-2004 period reductions have totaled 15.74 million tons.
Participants have been able to sell these excess reductions into the system, and this is
one of the factors why U.K. allowance prices have been so low. While the auction
established prices much higher, the current offer for allowances is on the low £2 range
(Natsource, 2005). Because of their efforts under the U.K. ETS, sixty three
installations were able to “opt out” of the EU ETS until January of 2007. The EU ETS
Directive allows for entities to stay out of the program based on equivalent efforts to
reduce emissions under domestic law.
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Participants in the

Table 2-1: Measures to Deliver C 0 2 Savings
Households Projected Carbon savings (MtC pa)

U.K. ETS might also be
regulated under the Climate
Change Levy and Climate
Change Agreements. The
Levy is a “green” tax imposed
on industrial, public, and

Measures already in the UK Climate Change Programme

5.5

Energy Efficiency Commitment from 2005, Decent Homes

5.1

Warm Front

0.7

Community Energy

0.4

Building Regulations 2005

2.9

Other measures

Household Total
Business & public sector

0.7

15.4
0.0

Climate Change Agreements

8.8

Revision of Climate Change Agreements targets

3.3

Extension to new sectors

1.8

UK and EU ETS

7.3

Carbon Trust (incl ECAs)

3.7

Building Regulations (non housing)

2.2
1.8

Public Sector

commercial energy users, and
the proceeds from the tax go

Business & public sector Total
Renewables Obligation (10% by 2010)
Total

29.0
9.0
53.4

to fund a .03% reduction in employers National Insurance Contributions. £50 million a
year of proceeds also supports energy efficiency schemes and renewables and another
£70 million a year for full, first-year depreciation of clean energy capital goods. Energy
used in the generation of electricity is exempt from the Levy so that the sector is not
taxed twice; once during generation and again at the end-user. Also, generation from
qualifying CHP schemes and renewable sources are exempt from the levy by the end
user. The U.K. government claims,

The levy will play a major role in helping the U.K. to meet its targets for
reducing greenhouse gas emissions. It entails no increase in the tax burden on
industry as a whole and no net gain for the public finances. The reforms are
intended to promote energy efficiency, encourage employment opportunities and
stimulate investment in new technologies (U.K. DEFRA, 2005a).
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Rates for the levy are 0.15p/kWh for gas and coal, and 0.43p/kWh for electricity. The
levy raised around £1 billion in its first full year (2001/02). The levy is revenue neutral
as businesses can get an 80% rebate of the amount they pay into the Levy if they agree
to undertake emissions reductions. The remaining funds go to a 3% reduction of the
National Insurance Contribution, the main revenue source for disability and pensions in
the U.K. The Climate Change Agreements are emissions targets set by sector that
individual facilities need to meet in order to receive the rebate. Participants in the U.K.
ETS can purchase allowances to meet their performance targets and therefore receive
their rebates.
In addition to the ETS and Climate Change Levy, the U.K. has been promoting
the use of combined heat and power (CHP) schemes. CHP installations re-use waste
heat for power generation or industrial processes. The incentive measures for CHP
include an exemption from the Climate Change Levy for fuel inputs and electricity
outputs, full first year amortization of depreciation, and a reduction on the Business Rate
tax (U.K. DEFRA, 2000). Finally, the last package of policies to improve end-user
demand is contained in the Government’s Energy Efficiency Plan. The Plan contains a
host of polices and measures to deliver carbon dioxide reductions including building
energy codes, appliance standards, weatherization incentives, boiler standards and
others. In total, the Energy Efficiency Plan is estimated to deliver over 44 million tons
of CO2 reductions a year by 2010 and renewables will contribute another 9 tons. Table
2-1 shows the complete list of measures in the Energy Efficiency Plan and adds in the
estimated savings from the Renewables Obligation (U.K. DEFRA, 2004c).
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Figure 2-2: Supply of GHG Mitigation Opportunities (not
including transport, CHP)
UK E nergy Efficiency Supply Total
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However, while these elements of the Climate Change Programme provide
significant reductions, engineering level assessments find large additional energy
efficiency options. The figure below is from a study that identifies approximately 100
MT in low or no cost mitigation (U.K. IAG, 2004). Should these additional savings be
implemented they will “show up” as reduced load growth. The above data indicates that
the U.K. possesses approximately 100 million tons of CO 2 mitigation at or below the £0
cost barrier. However, “getting at” those reductions is not necessarily an easy feat.
How programs are likely to behave in order to achieve these reductions merits a review
of existing research.
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III.

Literature Review: The Interactions between the CO2 Cap and the

Renewables Quota
The CO 2 program and the renewables quotas are potentially significant
interventions in the heat and power sector. However, the newness of both of these
policy programs hinders our understanding of market behavior. These programs tend to
be introduced individually, and so modeling efforts focus on the effects of the proposed
program individually and not together with an existing program (U.S. DOE 2000, FES
2002 and 2003, ETSU 2000). Most of the work on the interaction effects of CO2 caps
and renewables quotas has been either relating to the institutional effects (Sorrell 2003,
Waltz and Betz 2003) or has relied on analytical theorizing (Morthorst 2001, Boots et al
2001) or mathematical models (Morthorst 2004, Jenson and Skytte 2003, Amundsen
and Mortensen 2001). The use of simulation models akin to the one employed in this
research are few and far between (Hindsberger et al, 2003) The lack of empirical data
on the outcomes from these two programs has led to a significant debate on how the two
programs Will interact. Observers find either an abundance of ambiguity or outright
disagreement over outcomes. Theoretical models of the impacts of the two programs on
the energy sector are important guideposts but might not reflect participants’ behavior
because of political, organizational and program design issues. Simulation models of
existing power systems, like the one in this research, are needed to identify potential
outcomes.
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III. A. Explicit Interactions
First, how are these two programs are designed to interact? There are two
potential pathways for intemaction. The first is the legal conversion of renewable
energy certificates into EUAs. Here, actors can convert renewable energy certificates
into CO2 pollution permits at a fixed conversion rate. Known as the fungibility
mechanism, few U.K. firms are likely to choose this option today as renewable energy
certificates trade for £40 (or €60), while the EUAs are only worth €20 at current prices.
Nonetheless, the fungibility mechanism gives firms a potential safety valve should the
cost of EUAs rise considerably.
The other potentially explicit interaction may occur because of the CO2
reductions associated with renewable energy deployment. The interaction could occur if
a supplier purchased a renewables certificate and claimed the CO 2 reduction embodied
in it, and then sold the CO 2 allowance that was freed up under its cap from the reduced
thermal sales associated with increased green energy sales. Because the U.K. has
established separate markets for renewables certificates and emissions allowances, there
are no CO 2 benefits directly embodied in the legal title to the Renewables Obligation
Certificate. This is akin to “complete separation” described in Boots et al (2001). The
advantage of this type of program is that it prevents double counting of C 0 2 reduction
benefits.
III. B. Implicit Interactions
How these two programs will impact actors’ behavior is unknown. Energy
markets are complex systems, and actors’ responses to the programs’ incentives are
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uncertain. Also, a host of variables external to the two programs are likely to have a
significant impact on outcomes. The analysis in this paper is intended to introduce
many of these variables and increase our understanding of how program design impacts
performance.
The most important implicit interaction is the financial linkages between the two
programs. Suppose a supplier installs wind turbines that deliver 2,000 MWh/year. This
project equates to 2,000 renewable energy certificates per year. The primary financial
interaction between these two programs is the additive effects of incremental
competitiveness for renewables. Coal generation and wind power can highlight this
interaction. Suppose old coal plants generate electricity at £20/MWh with new offshore
wind costing £50/MWh. At one ton per MWh, a £10 CCb permit cost would raise coal
fired generating costs by £10 to £30/MWh. The £30/MWh subsidy (the price of a
Renewable Obligation Certificate) from the renewables program suddenly makes new
offshore wind £10/MWh cheaper to provide. A supplier might then reduce production
at the coal plant when the new wind comes online.
The supplier can either sell the renewable energy certificates associated with the
renewables generation or use them towards compliance for the program. If the supplier
believes that it has met its RPS requirement, then it can sell the renewable energy
certificates into the market. Otherwise, the supplier is credited towards its green power
delivery requirements. The supplier doesn’t receive any actual revenues from the
renewable energy certificates under this second scenario. Rather, it accounts for the
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potential REC revenues as avoided costs or penalties that it did not have to pay if it
purchased the green power on the wholesale market.

Price Interactions
There are several important types of interactions that can occur from the
combined effects of the two programs. The first are the effects of the interactions on
wholesale power prices. An increase in renewables can reduce the wholesale price of
power as the demand for power from thermal sources is reduced. Hindsberger et al
(2003) find that the addition of an RPS to the market lowers the spot price in all
countries studied by an average of over 10%, including from €21 to €17 per MWh in
Sweden. This drop in wholesale power prices helps to offset the increase in systems
costs from higher cost renewables and the cost of the CO 2 allowances. In another
simulation study, Morthorst et al (2004) reach similar conclusions. This simulation
results in a spot market price decrease from €32.50 to €31 with the introduction of an
RPS program in four hypothetical countries.
The second type of price interaction exists between the costs of the economic
instruments used for compliance in their respective programs. If an RPS is introduced
along with a CO2 program, the RPS will affect the price of CO2 allowances. This is
because the green power displaces thermal sources of power from generators regulated
under the CO2 cap, and allows operators to sell unused allowances into the CO 2 market,
thus reducing the price of CO 2 permits. Hindsberger et al (2003) is one of the few
simulation studies available on the interaction of an RPS and an ETS. Their study
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incorporates a model o f common electricity market in the Nordic region, a renewable
energy program, and a carbon emissions program. This study finds evidence for a
strong negative relationship between certificate prices and CO2 permit prices. Permit
prices decrease from €18 to €6 with an increase in renewable energy from 15% to 25%
in the Nordic countries. Morthorst et al (2004) reach similar conclusions. This
simulation results in a spot market price decrease from €65 under a CO 2 program only in
four hypothetical countries, to €50.50 with an aggressive renewables quota. CO2 permit
prices fall from €37 to €22.50 with a €17.50 renewables certificate price. In a simulation
model of the Western U.S., Ford et al (2005) find that renewable power certificate
prices fall to zero ten years after a CO2 market is established under strict federal climate
regulations. The correlation between the price of CO2 emissions allowances and
renewable power certificates is strongly negative.
III. C. The Relative Efficacy of the Two Programs
When examining the goal of CO2 mitigation, we need to understand that two
programs are rough substitutes for each other at some level. CO 2 emissions can be
reduced by in the ETS through adding renewables, improving CO 2 intensity by
switching from coal to gas, or improving end user efficiencies by reducing demand.
CO2 mitigation can only occur in the RPS through adding renewables.

Under the CO 2

cap, the costs of generation from fossil sources are increased to level the playing field
with renewables. A sufficiently stringent ETS and associated high allowance prices
could achieve the RPS target by itself. A demonstration of this is in ETSU (2000)
where the MARKAL model predicts renewables generation is greater under a 20% CO 2
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reduction than under a 15% renewables quota. In this case, the CO 2 cap acts as a
substitute for the renewables target.
Jensen and Skytte (2003) build on their previous work (2001) that demonstrated
a positive correlation between a CO 2 emissions quota and consumer prices. These
authors don’t have empirical data available to demonstrate the consistent positive
relationship between the renewables quota and consumer prices that others have found
(Morthorst et al, 2003, Hindsberger et al, 2003). Nonetheless, if governments have two
separate policy goals: that of an emissions cap and a renewables quota, and when the
correlation between consumer prices and the renewables quota is positive it is better to
use the emissions goal, as consumer price increases are minimized. Boots et al (2001)
concur, as they specify two programs and hypothesize about the interactions between
renewable energy certificates and ETS. They argue that the forced inclusion of the
renewable energy target increases the cost of CO 2 reductions because of the higher
marginal abatement cost curve for renewables rather than more “rational” use of energy.
As the economy becomes more and more efficient with energy and CO 2 the cost savings
from these more rational uses of energy are limited. Future Energy Solutions (2003)
finds that CO2 mitigation through energy efficiency and fuel switching remains the most
cost effective option up to 20-25% of total emissions. After that renewable energy
becomes competitive with the remaining efficiency measures.
However, if the utility/supplier has experienced load growth greater than the
contribution from the renewable energy, then the renewable resources will not generate
material carbon revenues from selling unneeded permits. Instead, any carbon credits
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will be accounted for as avoided costs. Instead of having to purchase CO 2 permits for
compliance with its higher load growth, the utility has met the increased demand
through renewables that don’t require permits. This implies that renewable energy
targets will not necessarily reduce aggregate CO2 emissions when electricity demand is
increasing.
Some utilities are more likely to respond to the combined programs than other
actors in the ETS. Waltz and Betz (2003) note that utilities that are marginal suppliers,
as well as non-utility ETS participants, have the strongest incentives to invest in
renewable energy. These actors can sell their unused allowances back into the market
as well as gaining the contribution margin from the renewable energy (p. 55). The
design of the U.K. national allocation plan prevents this from occurring for more than
one year though because the allowances from closed plants are not allocated in the
subsequent first full year the plant is closed.
To summarize the consensus, most of these studies indicate that reducing GHGs
through the renewables target is more expensive than through the carbon cap. However,
these authors make these statements based on a certain (historical) range of fossil fuel
and wholesale energy price conditions. If power prices are high, whether due to a carbon
charge or due to high oil prices, then the supply of cost effective renewables is greater.
Furthermore, if coal is cheap relative to gas, then switching to lower intensity thermal
generation could be significantly more expensive than new renewables on the lower end
of the supply curve. What is true across all market conditions, is that a carbon cap gives
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operators the greatest amount of leeway in meeting the CO2 goals; allowing them to
switch fuels, add renewables, or pursue end use efficiency measures.
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IV.

Theoretical Framework
Given the lack of research on governmental interventions in such an important

industry, this research effort hopes to contribute to a better understanding of the
interactions between renewable energy policies and carbon regulation programs.
Traditional approaches have used mathematical or simulation models to contribute to
knowledge in the area. The contribution of this research is to use a bottom up approach
allowing a more detailed analysis and a greater understanding of the implications of
policy design considerations. To do so, the project employs a cost effectiveness
analysis approach that compares the tradeoffs of specific policies and measures on
electricity costs and emissions levels. This approach simulates the outcomes from two
programs that are designed to minimize the negative externalities associated with
electricity supply. Subsequently, the theoretical underpinnings of this project bridge
two concepts that both fall under the broad domain of welfare economics. The first are
economic theories o f market failures in the presence of negative externalities. Second
are the theoretical drivers of cost benefit analysis, Pareto optimality and economic
efficiency.
IV. A. Common Pool Resources and Externalities
Economic inefficiencies are created when the market price of a good does not
reflect the total costs of that good. Externalities are “incidental but not necessarily
unanticipated effects caused by the actions of one economic agent on the welfare of
another economic agent, in which the effect does not pass through the markets”
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(Pearson, 2000, p. 56). Externalities can be positive such as technology spillovers, or
negative such as pollution. Substantial evidence exists that prices of many natural
resources does not reflect their total costs to society. The Earth Policy Institute claims
that in the U.S., up to 70,000 annual deaths are due to air pollution from stationary and
mobile sources of pollution (Fischlowitz-Roberts, 2002). Myers and Kent (2001) report
that the total externalities from road transportation alone in the U.S. totaled $160 billion
in 1991. These costs include air, land and water pollution, chronic morbidity and
mortality as well as costs associated with climate change.
Economic theory implies that market outcomes might include substantial
external costs. “Rational self-interested individuals and profit-maximizing firms try to
shift as many costs as possible to other parties while retaining as many benefits as
possible for their exclusive use” (Bell, 2002, p. 1). In the case of fossil fuels, one o f the
major externalized costs is associated with the disposal of waste products. Global
warming pollution accumulates in the biosphere that is a common pool resource. This
common pool resource is non-excludable in that it is difficult to stop parties from using
it. The biosphere is also subtractable, meaning that its use by one party (eventually)
bars others from using it in the future. Without effective institutions, common pool
resources will be overused and underprovided (Ostrom & Gardner, 1993).
The global atmosphere is more akin to a common pool resource rather than a
public good. Both are characterized by difficulty in excluding others’ use of the good
(open access), but they differ in their subtractability (Ostrom et. al., 1994, p. 7). The
atmosphere’s limited ability to act as a global sink for waste disposal makes it
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subtractable at some level. Its use by economic actors in one or more states and by one
or more generations will subtract from other states’ or future generations’ ability to emit
waste into the atmosphere. However, scientific modeling drives this bifurcation on
greenhouse gas emissions.
Attention to commons issues exploded after Garrett Hardin’s 1968 classic
Tragedy o f the Commons, a powerful symbol of resource overuse. When a number of

people have access to a resource, each user faces a decision about how much of the
resource to use. If each user restrains their use then the resource will be sustainable. If
some do but others do not, then the resource might still collapse and users who
restrained their use will have suffered short-term losses. Thus, a self-interested
individual will maximize their short term use if they think that others will do the same,
leading to an inexorable collapse of the resource. According to Hardin “freedom in
commons brings ruin to all” (p. 1244), and he argues that public goods will be
undersupplied in common resource usage. Hardin’s model has been extensively
criticized in that it ignored local rules and norms for resource use (Ciriacy-Wantrup and
Bishop, 1975; Runge, 1992). Game theorists also noted that resource use is usually
characterized by multiple interactions, with no predefined endpoint, and where
communication is possible (Axelrod, 1984). Hardin’s model didn’t include these very
important considerations.
In spite of the limitations of Hardin’s framework and the criticism leveled at it
by both communitarians and rationalists, his prognostications take on a new significance
in current transboundary environmental problems. Pollution crosses national and
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temporal boundaries alike to a degree never before possible. In transboundary
environmental issues the actors are states and not members of a close-knit community
with shared moral systems and norms of reciprocity.
The convergence of several powerful variables are also amplifying the pressure
on policymakers to resolve the transboundary environmental problem of global
warming. First, are the combined effects of increasingly powerful technologies
exhibiting correspondingly large impacts on the environment. Second, are the
increasing standards o f living, resulting in more discretionary income to purchase goods
and services that are associated with GHG emissions. Finally, populations continue to
increase— especially in the developing world—compounding the effects of the previous
two variables. The net result is that the externality associated with the huge forecasted
increased GHG emissions is likely to alter the Earth’s climate in unexpected ways.
I.V. B. Efficiency Criteria in Environmental Regulation
Attempts to include a value for externalities into the price of a good through
policy interventions inevitably run into two theoretical concerns: efficiency
considerations, as well as political concerns about equity. According the efficiency
criteria, the marginal cost of mitigating the last unit of pollution should equal the
marginal benefit of the reduction. However, the marginal benefit from reducing a ton
of CO2 is difficult to estimate precisely because of the uncertainty associated with
damage functions from each unit o f pollution. For CO2 , the marginal benefit is avoided
damages. In a major review of marginal cost of climate change, Tol (2003) notes that
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the mean marginal cost of a ton of carbon is $104, or $28.26 for a tonne of CO 2 .
However, the importance to climate policymakers of the “actual” benefit might be less
important than acknowledging uncertainty about the benefit function and attempting to
promulgate policies that begin to impound the externality within a range of benefits.
When the marginal cost of mitigation equals the marginal benefit of reduction,
then the goal of economic efficiency is closer to being satisfied because externalities
have been addressed. Economic efficiency maximizes the net social surplus; the sum of
consumer and producer surplus, minus the value of the total externalities. If this is
achieved then the net monetary benefits from the economy will be maximized
(Goodstein, 2004).
(3.1)

Social Surplus = [Consumer Surplus (CS) + Producer Surplus (PS)] Externalities

Where CS is the welfare o f consumers and are considered consumer “profits”. This area
represents the difference between what consumers would be willing to pay and what
they actually pay and can be looked at as consumer well-being. Producer surplus (PS)
can also be calculated and is the supply side equivalent of consumer surplus. Producer
surplus is equal to producer profits and represents the total revenues from selling the
good minus the variable costs of producing the good. It is the area PoHO in the no
regulation case in Figure 4-1. The sum of these two values is the social surplus; the area

8 Assuming marginal costs could be estimated for one society, they might be significantly different for
another society because their discount rate assumptions used to benefit future costs and benefits might
be radically different. Given that costs are expected to outweigh benefits from climate change in the
future, a large discount rate would reduce the present value o f those costs and reduce the difference
between aggregate private and social costs.
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below the demand schedule and above the supply schedule less the externalities in the
areaOECH.
Externalities represent costs imposed on the rest of society that are the sum of
each individual agent’s (producer and consumers) actions. The optimal production for
the electricity supply industry is at Qo, but for society it is at Qt. In the policy case, if
producers and consumers are forced to include the costs of externalities into the price of
the good, then equilibrium prices rise to Pi and the quantity of the good produced is
reduced to Qi. Victims of pollution are better off by area FBCH while the net welfare
gain to society from regulation from GHGs is represented by area of BCH. Therefore,
for the price of electricity to reflect true social costs the costs of CO 2 allowances would
equal the distance between the two supply schedules, or CH.
The concept of Pareto efficiency underlies much of modem policy analysis.
This is an intuitive concept stating that an outcome is Pareto optimal if there is no
alternative allocation of goods that can make at least one person better off without
making anyone else worse off (Boardman et al, 2001). A potential Pareto frontier exists
representing all the outcomes that make one of the persons better off without making the
other worse off. Modern cost benefit analysis relies on a related proposition to Pareto
efficiency known as the Kaldor-Hicks improvement. It allows for side payments or re
distributions between those who benefit from a shift in allocation to those who are
disadvantaged by it. This criterion states that a policy should only be adopted if those
who will gain could (but don’t necessarily have to) fully compensate those who will lose
and yet still be better off (Boardman, et al 2001). This translates into a net benefit
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criterion: only adopt policies that have net benefits allowing compensation to losers,
making the policy Pareto improving.9
IV. C. Equity Criteria in Environmental Regulation
Introducing regulations that maximize the social surplus while minimizing
externalities also encounter concerns about equity issues.
Figure 4-2: Depiction of Externalities and Social Surplus (Adapted from Pearson,
2000)
S, (Social Marginal C osts)

S (Private Marginal C osts)

The cost impacts of environmental regulation can be measured by the changes in the
producer and consumer surplus in the relevant industry. In the case of no regulation,
this is the triangular area under the demand line above PoH. In the policy case,
consumer surplus is reduced by the area P 0P 1BH due to higher prices. Assuming a
linear demand line, a change in consumer surplus (ACS) can be measured as
(3.2)

ACS = (AP)(Qo)+l/2(AX)(AP).

9 Reducing environmental externalities can possibly lead to another source o f efficiency in the form o f a
“double dividend”. The first dividend occurs with the reduction o f polluting substances. The second,
more controversial, dividend occurs to the extent that the tax revenues from correcting the externality is
returned into the economy to reduce existing distortionary taxation. The double dividend is beyond the
scope o f this paper, except to note that only the recycling o f tax revenues makes it possible— something
that the U.K. programs don’t do.
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The formula indicates that, ceteris paribus, an increase in prices due to environmental
regulation is going to reduce the well being of consumers.
In the regulation case, producer welfare is increased by P0P 1BG from the higher
prices, but also is reduced by the lost surplus at OPoHF it previously enjoyed. Producers
lose because the quantity of goods sold is reduced, and their revenues received falls
from Po to E.
There are significant shifts in equity should the tax revenues not be recycled
optimally or if producer revenues are increased from higher prices, but their costs due
not follow in kind. The chances of suboptimal welfare shifts increase depending on the
way that the CO2 allowances are distributed. The first phase of the U.K. National
Allocation Plan allocates allowances for free by “grandfathering” them to emitters based
on historical emissions. Of the methodologies available for allocating emissions,
grandfathering has the potential to provide the greatest excess profits to producers
(Burtraw et al 2005, Burtraw et al 2001). This is possible when the cost of the CO 2
allowances increase revenues of power producers without increasing their costs
commensurably.
Renewables and nuclear generators will benefit from the CO 2 cap to the extent
that the CO2 value causes higher power prices. Thermal generators can benefit too, if
their revenues increase more than their costs. Here, producers receive revenues equal to
the opportunity costs of the allowances that the plant at the margin needs, even though
these allowances were received for free (Burtraw et al, 2001). The issue of how much
of the “cost” of the allowances impacts producers profits depends on the degree of
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liberalization of the power market. In competitive markets we expect the increase in
producer surplus to be minimized because producers will value the allowances at their
opportunity costs and pass these costs on to the customer.
As with most political decisions winners and losers are created within producer
groups as well as between producers and consumers. This is made explicit in the CO 2 cap
that attempts to financially penalize the high carbon generators that in turn make lower
carbon producers more competitive. Older pulverized coal generators with high heat rates
require more coal as an input and thus will need to hold more TEPs which raises their
costs of production. Nuclear and wind generators are not covered under the program and
thus their costs of production are unaffected. Furthermore, the wind generators receive an
additional revenue stream in the form of the REC, making the returns to this form of
generation potentially more attractive. Thus, the two programs use financial incentives or
sanctions to codify social goals such as climate protection, public health improvements or
rural. The next question investigated in this research is what will be the interaction
between these two programs created for two disparate purposes?
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V. Methods
To answer the questions posed in the analysis in this paper requires a methodology
that allows cost comparisons between competing policy scenarios and outcomes from the
interaction of E.U. renewable energy policies and the CO2 cap. This section begins with
an outline of the modeling approach utilized in the analysis along with limitations of the
chosen methods. Following a discussion of the data sources, the research design is
outlined and the modeling process is described.
Energy planning is fundamentally an analysis of the costs of generation from
competing souces. With levelized cost data on the costs of new generation, an analysis
of the relative cost of adding new generation from fossil fuel sources versus renewables
is possible given fuel costs and technology characteristics.10 The methodology
incorporates renewables targets, constraints on renewables supply and emissions caps.
The question then becomes what are the sources of uncertainty associated with
input parameters of the model for the program outcomes we are concerned with. Model
uncertainty can come from two categories, parametric uncertainty and stochastic
uncertainty. Parametric uncertainty arises from imperfect information about the
variables under consideration while stochastic uncertainty is derived from natural
variability in certain processes. Parametric uncertainty is the primary source of
uncertainty for this model. Not only are these two programs completely new—making
data scarce—but potential structural changes in Member States economies make

10 Levelized cost is the cost o f generating electricity from a technology the incorporates capital costs,
interest, fuel costs, generating efficiency and other relevant variables. Levelized cost will be discussed
in great detail in the analysis section.
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previously assumed relationships questionable. Consider the example of oil price
increases on economic output. Most integrated assessment climate models assigned a
large penalty to economic growth from fossil fuel price increases associated with CO 2
penalties. Yet, the recent rise in oil prices has not significantly slowed economic growth
in dollar-based economies such as U.S. (and Taiwan and China with currencies pegged
to the dollar) that are exposed to the full increase in oil prices. At the same time, the
euro-zone economies that were shielded from the full rise in oil prices by the
appreciation of the Euro have experienced significantly slower growth. This leads some
observers to question the importance of oil prices in economic growth, something that a
decade before was taken as a given. (Economist, 4/30/05, p.04). The impact of shifting
relationships in historical variables used in a model is discussed below, but can be
mitigated using scenario analysis.
V.A.

Linear programming
A constrained optimization linear programming model is used to evaluate policy

options. The Clean Energy Planning Model® has been developed specifically for this
purpose. Linear programming is a mathematical analysis that attempts to maximize or
minimize some quantity (Anderson et al, 1999). This choice known as the objective of
the model, and common objectives include minimizing total production costs or
maximizing profits. The objective function of either minimizing or maximizing a value
is the first of two qualities that all linear programming models have in common. The
model derives a “best” solution that is the most efficient combination of values for each
decision variable (unknown value). These decision variables are often a resource
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allocation problem such as the “optimal” sources of generation in an electricity system.
A typical objective function might look like:
(5.1)

Minimize Z = ciXi + C2 X2 .. .cnxn

where ci to cn are the variables that represent the costs of each potential resource and xi
to xn are the quantities of each resource employed in the optimal solution. This
equation gives the total cost of the resource-base developed by the model.
The second quality that all linear programming models have in common is their
use of constraints.11 Decision variables are subject to constraints imposed on the model
by the programmer. Constraints limit the possible paths through which the objective
can be pursued by restricting the use of certain decision variables according to their
availability (Anderson, et al, 1999). Linear programming models get their name
because both the constraint function as well the objective function must be linear
functions of the decision variables.
For this application, the decision variables are the optimal amounts of new
generation that should be met with each generating technology according to its total
cost, including pollution mitigation costs. The constraints placed on the model can be
imposed either by the supply characteristics of each technology or by desired policy
outcomes. Thus, the objective function in (6.1) might be subject to the constraints:
(5.2)

CuXi

+

C21X1 +

C i 2X 2 . . . C i n X „ < b i

C22 X2 .. .C2nx n < b2

11 The linear programming method also requires that neither the constraints nor the objectives can have
an exponent higher than 1, or in other words there must be a linear relationship between the decision
variables.
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CmlM

Cra2X2 ... CmnXn —bm
X h X2; Xn > 0

In standard form, the constraints, b] to bm, are proposed as inequalities that are less-than
or equal to the resource availability. The final statement indicates that the decision
variables xi to xn must be greater than zero whereby negative amounts of a resource
cannot be utilized, preventing the model from deriving an optimal solution. An example
of a policy constraint is a 12% renewable portfolio standard by 2010 and would be
formulated as:
(5.3)

2[xi, x2 . xn] = .12(Demand2oio)

where xi, X2 . xn are qualifying renewable energy sources. An example of a supply
constraint are limits to the viable geothermal resources in the area o f study. If the
geothermal resources (xi) available to be deployed over the study period are estimated
at less than or equal to 5,000 MW, then the supply constraint is xi < 5,000. Exogenous
variables such as forecasted levels of demand, emissions constraints from the ETS, as
well as supply constraints are separate modules that feed-in to the model that optimizes
the “optimal” or least cost portfolio. The version for this research will not model
transmission constraints between the regions of the study.
The Clean Energy Planning Model© used in this research uses a linear
programming cost minimization equation to find the optimal solution12. This approach
introduces either a slack variable (w) for each of the less-than inequalities equaling the
difference between the left-hand side and the right-hand side, or conversely a surplus
12 A diagram o f the model can be found in Appendix E.
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variable (s) for greater-than inequalities that can be subtracted from the left-hand side.
The purpose of both surplus and slack variables is to convert the constraint to equality
form. Slack and surplus variables are given a coefficient of zero in the objective
function because they have no effect on its value (Anderson, 1999, p. 59). Therefore,
the equation:
(5.4)

MinZ=

25 x i + 30x2 + 15x3

Subject to:

2xi + 3x2+x3 < 5
4xi + x2+2x3 > 10
X], x2j x3 > 0

could be rewritten as:
(5.5)

MinZ=

25xi + 30x2 + 15x3 + Owi + 0s{

Subject to:

wi = 5 - 2xi - 3x2 - x3
si = 1 0 - 4 x i - x2-2x3
Xi,X2jX3j Si,Wi > 0

Now that the constraints have been rewritten as slack and surplus variables, the simplex
method uses an iterative process to identify an initial feasible solution satisfying the
equations and non-negativities, and then moving to the next solution that is improved if
it has a smaller objective function solution value. The procedure is repeated until the
solution can’t be improved and the final solution is the optimal solution.
The linear programming methodology is particularly appropriate for this
application because it is suited for assessing the attributes of various policy paths. The
output from the linear programming model shows the economic, technological, and
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environmental trade-offs for alternative policy choices. This methodology is attractive
as it can be used to analyze any region in order to evaluate long term capital planning.
The model easily accounts for fluctuations in variable costs of generation, such as fuel
prices, through the levelized cost module. The Clean Energy Planning Model simulates
mitigation within the power sector (including CHP), and the exogenous parameter of
load growth represents external investments in efficiency measures. When the
endogenous estimations from the model are combined with the exogenous parameters, a
fairly representative pattern of behavior in the U.K. power sector should emerge.
V . B.

Model Limitations
The Clean Energy Planning Model® has two limitations that are relatively minor

for the purposes o f this study. The Clean Energy Planning Model is a capacity
expansion model used for long term capacity planning simulations. This is in contrast
to a dispatch model simulating hourly grid operations over a long period of time in order
to forecast wholesale market prices. The lack of hourly electricity load data available
from the U.K. made this type of model impossible to program. The current model uses
average monthly loads from the 2000-2004 period to represent system operations. This
approach has a precedent as it is used in the WASP-IV model developed by the IEA.
Because only monthly load data is available, this has important implications for
the model outputs. The model is not able to recreate the spike in hourly loads resulting
from increased demand during daytime peak hours. Increased demand from space
heating, lighting, and appliances cause peak spot prices to be much higher than nonpeak
prices. It is during these peak periods that resources such as diesel, peaking gas, and
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pumped storage come online. Lower cost baseload resources such as coal, nuclear, and
wind cannot be easily turned off and on to meet the peak demand, so the market turns to
these peaking resources.
However, without hourly load profiles the least cost solution will not incorporate
these resources that are used in “reality”. The 12, 000 GWh in the U.K. that come from
these resources will not be in the least cost solution because of their higher cost. The
approach this study takes is to constrain the model to include this amount of generation
from the peaking resources in each solution. This constraint makes the model more
representative of reality by adding the cost associated with peak load resources. It also
gives the model a fairly static wholesale price-usually the price of peaking gas. The
wholesale price under this method is more representative than the alternative; the
highest cost baseload resource.
The second limitation to the model is that it allocates resources on an all or none
basis. If the levelized cost of a new technology such as onshore wind is £.01 cheaper
than an incumbent technology the model will replace the existing resource up to the
limits of the appropriate tranche of wind. While this aspect of the model is not
necessarily reflective of reality, it is mitigated by the fact that most tranches of supply
for new technologies are of a relatively small supply. Because there are three tranches
of onshore wind (and three more offshore tranches) with average of 15,000 GWh each,
this doesn’t become much of an issue. This aspect of the model does cause imperfect
convergence of the model with the scenario renewables targets and CO 2 caps. The
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model results may under or overshoot the scenario parameters. In such cases, the
model run closest to the scenario parameters is chosen.
V.C.

Data
The construction of the three scenarios requires significant data requirements.

The data requirement for this modeling exercise includes populating the variables in the
linear programming model. Data is required for the two types of variables in the model;
the first type is parameters whose values remain fixed throughout the simulation.
Because the variables remain static during the modeling, point estimates for the data can
be used. Examples include the levelized costs for the technologies under consideration,
and pollution emissions rates.
The second type o f data is the independent variables that will be manipulated as
part of the scenario analysis. Scenario data includes supply data for these technologies,
renewables certificates and EUA prices, the RPS and CO 2 requirements, demand
scenarios, and fuel costs.

Supply Data
The supply data for fossil fuels is somewhat qualitative. For fossil fuel plants,
there are theoretically very high limits to how much capacity could be installed by 2020.
Ceteris paribus, fossil fuels could provide all the necessary additions to electricity

supply in the coming decade. Flowever, feasible supply is limited by political
constraints on the number of plants that can be installed in any given year, the number
o f years in the study, and the lead time for the fossil fuel plants. I use U.S. Energy
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Information Administration lead times and average plant sizes to limit supply. For
example, with a three-year lead time all coal plants would have to be approved and sited
in the 12 year period prior to 2017. Assuming that one coal plant a year is all that is
feasible in the U.K., and an average plant size of 500 MW, then 12x500 MW or
6000MW of supply is available. In this case, the supply constraint for all sources of
coal electricity is limited to 6000 MW for this analysis.
This approach is more suitable in relation to large central plants that we can
estimate the number of plants that could be built per year. It is less effective for
decentralized renewables technologies like wind and other renewables. For these
technologies I rely on studies that generate bottom up supply estimates based on
available resources. These include ETSU (2000) and FES (2002).
In order to make comparisons between generating options, energy analysts
commonly use a calculation known as levelized cost. Levelized cost per kilowatt hour
includes the initial capital investment amortized over the expected life of the unit, the
capacity factor (at what percent the plant can continuously operate without unscheduled
repairs), the heat rate (efficiency) of the thermal unit multiplied times its fuel costs, plus
the variable costs associated with operation such as maintenance and labor. Fully
depreciated plants do not have capital costs and are subsequently much cheaper to
operate from an accounting standpoint. Coal plants are the only plants assumed to have
been fully amortized in this analysis as many coal fired plants were built over thirty
years ago and thus have been fully depreciated. The real levelized cost for old coal is
only the variable (operating) cost, with no capital costs. The sources for levelized costs
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include IEA (2005), EIA (2005, 2002, 1999), FES (2002), and ETSU (2000). These data
sets are broadly comparable. The primary data sets for renewables costs come from
ETSU (2000) and FES (2002) which calculate Levelized costs using a 15% discount
rate and an 8% discount rate. The high rate results in significantly higher costs and less
available supply at any given price tranche. The analysis in this study utilizes the higher
cost data in the appropriate data set; representing a higher cost structure for renewable
resources. This is done for consistency and to guard against overly optimistic costs of
compliance for the CO2 and renewables programs.

Emissions Mitigation Costs
The figures above do not include the expected costs of abatement into the cost of
generating power. Coal generators currently face sulfur dioxide restrictions as well as
increasingly stringent nitrogen oxide abatement costs.13 In order to understand firm
behavior under an uncertain compliance environment the cost of expected emissions
mitigation must also be included in the strategic planning process. This analysis
prorates the emissions of nitrogen oxide (NOx) and sulfur dioxide (SO 2 ) according to
emission rates and compliance costs in order to deliver what is an emissions mitigation
cost. Consider the allowance prices of $ 186/ton for SO2 and $ 1000/ton for NOx
($204.60 and $1100/metric tonne) in the U.S. The market for these two allowances has

13 Gas fired plants also emit small amounts o f NOx as part o f operation. Any new or retrofitted gas
turbines are expected to have best adequately demonstrated technology to reduce emissions. For
purposes o f analysis, this paper treats gas NOx emissions with the same allowance cost (prorated for
emission levels) as coal-fired units.

-61 -

been set up by the EPA and should accurately reflect expected marginal costs per ton in
order for power producers to mitigate these emissions.
The model also needs to estimate the costs of mitigation for other pollutants
under consideration. The particulate matter (PM) and mercury (Hg) mitigation costs
used are mi dpoints in a range of mitigation estimates proposed by Lee and Verma.
These authors estimate a range of $3-$5/MWh for PM and $l-$2/MWh for mercury.
Because the technology needed to mitigate these pollutants is relatively new, costs are
falling rapidly and these estimates should prove economically attainable. Furthermore,
compliance deadlines are still some years, if not a decade or more away, introducing
significant variance in cost estimates. Because the overnight capital costs (initial
investment) for new coal plants and Integrated Gaseous Combined Cycle coal include
investments in scrubbers and catalytic converters, this analysis assumes that mitigation
for this technology will cost approximately half as much as old coal, or $2 and
$.5/MWh respectively.
(5.6)

Thus, “Emissions Mitigation Costs” = EM C-

[(PM emissions*PM mitigation cost/MWh) + (NOx emissions*NOx allowance
price/tonne) + (S02 emissions*S02 allowance price/MWh) + (Hg emissions*Hg
mitigation cost/MWh) + (C02*C02 allowance price/tonne)]
(5.7)

“Total Cost” for each technology = TC= Levelized Cost + EMC.

The total cost enables a direct comparison of each technology by incorporating a
multipollutant mitigation approach. These are the costs that rational decisionmakers
evaluate in their cost benefit analyses. Taken together, these costs simulate the costs
-
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under the CO 2 cap and the renewables target associated with operation of the 16
technologies chosen for the model.
V. D. Research Design
In addition to the linear programming model, the major contribution of this
research is its use of scenario analysis to inform climate policy design decisions. The
systematic use of scenario analysis, which studies the relationships between information
flowing into and out of the model, is what enables the researcher to identify how
specific policies will play out in terms of installed capacity, emissions, costs, etc. These
variables are manipulated in the model primarily through the CO 2 cap and the
renewables targets. The research design also includes variations in coal and natural gas
prices as well as modeling the imports of CO2 allowances into the power sector from
other actors in the ETS.
Scenario analysis is a technique in the larger field of sensitivity analysis. A
simple sensitivity analysis is where a value in a model is varied “according to the limits
of its perceived uncertainty to determine the effects on the model output” (Parkinson, et
al, 2001, p. 139). In a simple uncertainty analysis, each variable is individually
manipulated up to its perceived uncertainty level and the model’s output is pared to
other model runs. Factor screening designs attempt to discover which input factors in a
model contribute most to the output variability. At its most basic level, a screening
design is based on one-at-a-time experiments where each input factor is evaluated in
turn, and is sometimes termed ceteris paribus. Screening design uses a range of
extreme values representing the range of likely values for each factor. The “standard”
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factor represents the average of the two extreme values or is derived from the
appropriate literature on the subject.
While some simple sensitivity analysis is employed in this exercise, the
manipulation o f single variables is less appropriate as it does not address the interactions
between the CO 2 and the renewables programs. Thus, this research employs scenario
analysis in which a portfolio of variables is selected and varied according to their
uncertainties. The use of scenario analysis enables the study of the complex
relationships between the carbon and renewables programs.
Although the scenario analysis approach enables the researcher to focus on
variables of interest to the study, it also poses the potential problem of missing key
variables contributing significant uncertainty to the outcome. The omitted variable bias
is a potential problem anytime a researcher attempts to model complex systems.
Models are formal representations of the world (natural or human systems). The
linkages between the model and the world are the processes of encoding information
from the world to the model, and decoding from the model to the world. Sensitivity
analysis helps to apportion and explore the uncertainty in the encoding process. This
type of analysis can;
a) Denote parameters for model screening that are most influential in determining
outcomes, or are insignificant and can be eliminated. Known as mechanism
reduction, this process allows for simplification of complex models.
b) Help calibrate a model by indicating optimal ranges of parameters.
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c) Identify which factors are likely to interact with each other (Saltelli, Chan and
Scott, 2000). Factors can be either input variables that are directly measurable in
the real world system or estimated model parameters.
There is adequate justification for scenario analysis as part of the study’s methodology.
The flexibility of sensitivity analysis compliments the overly deterministic outputs from
some models.

The limitations of these models is seen in their inability to predict

future energy demand and power prices in the U.S. Consider the $2.25 billion default of
the Washington Public Power Supply System (WPPSS or Whoops). The outcome from
these modeling limitations (and governance failures) is still being felt as ratepayers pay
for unneeded electricity from expensive nuclear plants. Similarly, the dynamics of
emissions trading programs were not well understood given the disparity between
predictions of compliance costs and actual costs for S02 reductions under the Acid Rain
program. This program allowed industries to comply with sulfur dioxide emissions
requirements for $100 per ton compared with initial estimates of $400-1,000 per ton
(Swift, 1998). Sensitivity analysis evaluates a range of options and help energy
policymakers understand the relative importance of individual variables on outcomes.
Furthermore, there is not any historical price or emissions data directly relevant to this
research agenda that can be used to support this modeling effort. Historical data on CO 2
allowance prices or renewable energy credits would give researchers indications
regarding the strength of relationships between exogenous variables such as the CO 2 cap
level, CO2 allowance prices, emissions trading, and electricity prices
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For this application, the strength of this methodology is also its weakness. The
limitation to this approach is if, in the real world, there are relevant non-financial
variables that affect decision makers’ reactions to the designed interventions. Implicit in
the outputs is the assumption that economic actors will respond to price incentives and
follow the least cost approach suggested by the modeling. If wind is cheaper than
switching from coal to gas, the model assumes rational actors will install wind turbines.
However, if the relevant decision maker has experience in gas and coal generation then
organizational experience and risk avoidance might result in the decision to switch from
coal to gas rather than develop a wind farm. Thus, reality will quite possibly deviate
from the model’s prediction. This type of error could be addressed by the development
of financial indicators that proxy deployment biases based on technological risks,
deployment experience, biases in the interconnection standards to connect the
equipment to the grid, financing biases for non-intermittent generation sources, and
other variables. Unfortunately, as much as the author is interested in this problem, it is
beyond the scope of this paper to develop such indicators. The reader should evaluate
the model’s predictions knowing the limitations of the methodology.
Furthermore, the linear programming model as applied here is a static modeling
approach. It optimizes decision variables for only two periods. Given the lead times of
deploying energy generation technologies, coupled with their low capital turnover once
installed, means that future iterations of the research would involve more time periods.
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Scenario Construction
Scenarios can serve different functions for different situations. Often they are
qualitative pseudo-forecasts o f future states and conditions, at other times they may be
probabilistic representations of uncertainties. For the purposes of this paper I will use
the definition of scenarios proposed by Schoemaker (1993 )\ focused descriptions o f
fundamentally different futures presented in coherent scriptlike or narrative fashion (p.

195).

For many of the variables in this study, the scenarios will bound the range of

possibilities o f future outcomes. The scenario theory literature is consistent in its call
for internal consistency among the scenarios (Schoemaker 1993, Klayman and
Schoemaker, 1993, Van der Heijden, 1996). Internal consistency entails two types of
consistency. First, the scenarios should appropriately reflect current trends, where the
posited futures do not clash with known trends in the environment. For instance, a
scenario including high growth in electricity loads, due to increased levels of economic
growth, should at least incorporate historical improvements in energy intensities;14
meaning energy demand should grow more slowly than the economy in general.
Second, the scenarios must possess outcome consistency and plausibility so that the
outcomes are not incompatible with each other. A high economic growth scenario
should not also postulate declining CO 2 emissions levels in absolute term s without
linking the two outcomes in regards to significant investments in carbon free sources of
generation.

14 Energy intensity is defined as the energy required to produce one unit o f GDP. Carbon intensity is a
similar concept that measures the C 0 2 emissions per unit o f GDP or per MWh.
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The scenarios are designed to provide the outer bounds for the possible futures
of the power sector. As discussed earlier, the electricity sector has a habit of not
behaving as forecasted. This is due to both the system’s high degree of complexity as
well as the wide distribution of possible outcomes. The electricity industry’s structure is
indelibly linked to economic activity, consumer preferences, demographics, global
energy conflicts, and other meta variables. Nuclear power was supposed to be too cheap
to meter in the 1970s, and switching from coal to natural gas was going to be the
solution to global warming in the 1990s. In 2005, neither of those “solutions” are
economically feasible due to high nuclear generation costs and expensive natural gas.
Thus, modeling potential outcomes in the sector requires wide measures of dispersion
for a range o f possible futures. The research questions developed here hinge on the
relationship between the CO 2 and renewables programs. As mentioned in Section V, the
scenario analyses are derived from extracting extreme values for key variables from the
literature, modeling them, and then testing a more plausible mid-point value. This mid
point “baseline” scenario complements the logical bookends of future scenarios.
Fortunately for this study, the U.K. has invested significant resources in developing
future energy scenarios. The aim of the government’s Foresight Programme is to
increase U.K. exploitation of science and has a mandate to identify potential
opportunities for the economy or society from new science and technologies, as well as
actions to help realize those opportunities.15 As one of the ten sector panels examining
the future, the Energy Futures Task Force studied the future issues facing the energy

15 http://www.foresight.gov.uk/
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sector. In 2001, the task force released the report Energy fo r Tomorrow: Powering the
21st Century that utilized four possible futures for energy industries.16 The scenarios

were developed along two axes representing forces of change.
Table 5-1: Scenario Assumptions

Interdependence
Autonomy

Individual
World
Markets
National
Enterprise

Community
Global
Sustainability
Local
Stewardship

The y-axis involves the structure of government with the extremes of
interdependence and autonomy. Under autonomy, power and the decision making
process are found at the national level while interdependence shows devolvement to
regional (E.U.) and international bodies (W.T.O., U.N.). The x axis maps social values
running from individual to community.

This axis represents social and political

preferences and the economic and structural outcomes that result from them. The four
scenarios developed by the task force were:
World Markets: a world defined by an emphasis on private consumption and
highly developed and integrated world trading systems;
•

Provincial Enterprise: a world of consumerist and short-termist values coupled
with policy-making systems that assert national and regional concerns and
priorities;

16 The four scenarios were based on “generic” scenarios developed by the Science and Technology
Policy Research at the University o f Sussex over a period o f years with input by scientists, stakeholders,
government and academia. The scenarios were published in Foresight Futures 2020: Revised
Scenarios and Guidance at:
http://admin.foresight-gov.uk/servlet/Controller/ver=850/userid=2/DTl FF web.pdf
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•

Global Sustainability: a world in which social and ecological values are
considered in economic decisions, and in which strong collective action through
global institutions tackles environmental problems;

•

Local Stewardship: a world where stronger national and regional governance
allows social and ecological values to play a strong role in the development of
markets and behaviour (10).

Following the publication of these scenarios, energy modelers used the two global
scenarios (World Markets and Global Sustainability) to construct scenarios for energy
planning in the U.K. One of the most important publications from the government
using the two scenarios is the energy white paper Our Energy Future - Creating A Low
Carbon Economy (2003). The white paper utilizes energy modeling using the

MARKAL model based on the two global scenarios, World Markets and Global
Sustainability. The modeling team operationalized the two energy scenarios by
developing levelized cost data for generating technologies, electricity demand estimates,
and modeling constraints appropriate for the two above scenarios as well as a baseline
scenario (Future Energy Solutions, 2002, 2003). The levelized price and supply data
used in the white paper and the supporting modeling reports have an impressive
analytical history. It began with a wide consultative process on the scenario generation,
followed by energy experts providing input, and concluded with the assignment of
technical development of specific price and supply data for each scenario.
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Table 5-2: Parameters Used for Each Scenario

Scenario

Load Growth

Baseline
#B ase v
Global Sustainability'
#<3S - •
<

0.70%
•' - o!20%

Scenario Parameters
Renewables
Obligation Target
Em issions Cap

2010=9.9%
2020=15.4%
" 2010=9.9%' ’’
2020=20% .

2010=130 MT
2020=117 MT
2010 ='130 MT’
2020 = 104 MT

The criteria for selecting the parameters of the World Markets scenario assumes
little or no additional burden will be placed on the sector by 2020. The 130 MT cap in
2020 is unchanged from 2007, and the 10.4% target for renewables is the 2010 target.
The criteria for the Baseline and Global Sustainability are incremental restrictions on
CO2 and renewables deployment. The Baseline scenario assumes that the U.K. gets
renewables fatigue over the next decade as the Obligation target exceeds the market’s
ability to deliver and the 2020 target equals the 2015 requirement. The Global
Sustainability scenario assumes renewables remain a priority for the market and
policymakers and the existing 15.4 target for 2015 gets extended to 20% by 2020.
A more heuristic approach was taken for the CO2 caps for the two more stringent
scenarios. Given the EU Commission guidance for more strict National Allocation
Plans in Phase II of the EU ETS (EU Commission, 2005), it is likely that the U.K. will
continue to reduce its CO2 cap. For the Baseline scenario, a 1% a year reduction past
the 130 MT reduction is plausible. For the Global Sustainability scenario, this reduction
was increased to 2% a year. More detailed information on each of the scenarios can be
found in the appendices.
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Figure 5-1: The Concept of a Dynamic CO2 Mitigation Supply Curve
Low Fuel Prices
Baseline

Baseline with Trading

GHG Reductions
W M = 86MT
Base = 96M T
GS = 112MT

WM Base GS

The balance of the research design is exhibited in Figure 5-1. The research
design views the supply curve as a dynamic entity requiring a modeling approach that is
reflective of changes in CO 2 mitigation costs over time. In this case, dynamic is defined
as “marked by continuous change” and is modeled through ceteris paribus changes in
modeling parameters. These parameters include changes in fossil fuel prices, the
introduction o f international emissions trading, and assumptions about the availability of
cost effective energy efficiency. The Baseline with Trading case assumes that a
significant portion o f the CO 2 reductions come from outside the power sector in the
U.K. This increases the available supply of reductions at any given price and shifts the
curve out to the right. This Baseline Trading case represents a positive supply shock that
reduces the equilibrium price of CO2 mitigation. The price reduction is a result of the
addition o f the low cost mitigation opportunities available from other actors in the ETS
as well as international reductions under the flexibility mechanisms of the Kyoto
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Protocol. In contrast, the lower fossil fuel price parameter reduces the opportunities for
cost effective renewables and energy efficiency because power prices are lower and
renewables are more expensive. Low cost fossil fuels shifts the CO 2 mitigation curve in
and to the left, reducing the availability of reduction opportunities available at a given
price. The low fossil fuel price case represents a negative supply shock that raises the
equilibrium price of CO 2 allowances at a given demand.
The dynamism o f the supply curve is further investigated by examining the price
impacts of different demand levels and energy efficiency investment levels. The
reductions required under each of the scenarios are represented by the vertical demand
curves WM, Base, and GS. These represent the required depth of the intervention in
CO 2 mitigation given the assumptions about economic growth, load growth, and energy
efficiency investments.
A dynamic supply curve is utilized because the literature tends to view the
supply curve as a static, one-off consideration. By analyzing a dynamic approach,
policymakers are able to understand how various program designs will perform under a
wide range of market conditions. As markets tend to behave differently than forecasters
can predict, incorporating this type of uncertainty at the program design or evaluation
phase can improve the likelihood of favorable outcomes.

The Modeling Process
The modeling process began with the verification of model output against
existing model runs. I evaluated the Clean Energy Planning Model against the
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MARKAL model used by Future Energy Solutions (2002, 2003) for their two reports
that supplied much of the analytical fodder for the energy white paper Our Energy
Future - Creating A Low Carbon Economy (2003). The verification runs converged

acceptably with the MARKAL modeling runs. A full description of the verification
parameters, constraints and outputs can be found in the appendix.
Following the verification, the next stage in the modeling process was to identify
the relationship between CO 2 prices and the output variables of C 0 2 levels and
renewables deployment. Given the renewables and C 0 2 targets for each scenario, a C 0 2
value was inputted into the model and run to see the effect on C 0 2 levels. Runs were
done in £5 intervals from £5 to £40. If C 0 2 levels were above the target then the C 0 2
value was increased to meet the target. Once the C 0 2 cap has been reached then the
renewables target was examined for sufficiency. If necessary, the C 0 2 value was
reduced and the renewables target increased until both of the programs’ targets were
reached. Then the price increase was noted from the No Programs case and the price
elasticity o f demand was applied to final demand. The new demand level was used to
repeat the above process.
Due to imperfect convergence, C 0 2 reductions are relatively “lumpy” and
tended overshoot the desired target. For example, assuming a 117 MT C 0 2 target is
desired and a £21 ton C 0 2 price achieves 125 MT C 0 2, while £22 ton C 0 2 leads to 110
MT, then the choice must be made as to which £ value will be used for the scenario.
For consistency, the higher C 0 2 value that led to reductions that exceeded the target
were the proper choice to compare against each other. Choosing the higher C 0 2 cost
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corresponding with lower emissions than the target means that all scenarios met their
target. However, the cost figures might be slightly inflated. But the cost estimates are
consistent across the range of scenarios and the modeling parameters are all satisfied.
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VI.

Data Analysis
The analysis of the interactions between the C 0 2 and renewables programs are

complex, and in order to prevent information overload, the results of the modeling work
are presented in a logical order where each successive finding builds on the previous
finding. The modeling run outputs are presented first to give an indication of price
effects and environmental outcomes from the different scenarios, as well as what types
of electricity generation technologies are deployed. Next, the role of energy efficiency
as a necessary condition o f the cost effective success of these two programs is discussed.
This investigation of energy efficiency leads into the analysis of the ability of each
program to contribute to CO2 reductions. Using the understanding of how each program
operates independently, the stage is then set for the crux of the analysis; the research
designed to evaluate the interactions between the CO2 and the renewables programs
under a wide range of market and policy outcomes. The dynamism of the underlying
supply curve in this study is modeled using a range of fossil fuel prices and the imports
of CO2 allowances into the U.K. from other actors in the EU ETS. As the analysis
unfolds, several key themes are woven in to facilitate readability and to support the
study findings.
VI. A. Scenario Analyses Results
Several metrics are used to evaluate the performance of the scenarios and cases;
these include the major dependent variables of the Clean Energy Planning Model®. The
analysis uses average power price and technological outcomes as to the type of
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generating equipment as the least cost path that satisfies the constraints imposed by the
scenario. Selected outputs from the three scenarios and a No Programs case (with
Baseline load growth and no price elasticities) are presented below for 2020. Without a
CO 2 or renewables program, the least cost generation path includes maintaining existing
coal plants, and the expansion o f peaking gas and CCGT to meet new load growth.
Under the No Programs case total CO 2 emissions grow to 207 MT, or 24% from 2004,
by 2020. The renewables penetration for the scenarios is consistent with expectations.
The No Programs case shows renewables would grab only a 4.3% market share.
In contrast, renewables exceed the targets for two scenarios, reaching
approximately 20% in both the World Markets and Baseline scenarios. Under the
Global Sustainability scenario, renewables achieve the 20% target only with the help of
a modest (£5) Renewables Obligation Credit. The reason renewables deployment in the
two less stringent CO2 scenarios exceeds that of the Sustainability scenario is due to the
interaction of load growth and the imposed CO 2 constraints. While the CO 2 cap is
higher in the World Markets and Baseline
Table 6-1: Results
Total GWh
Average Power Price
Total System Cost
RES %
C 0 2 Price per ton /
ROC Price per MWh
C 0 2 Emissions
(thousand tons)

WM
432,243
£36.76
£15,888
19.8%
£21 /
£0

BASE
404,223
£36.48
£14,745
20.5%
£22/
£0

GS
354,406
£34.33
£12,166
20.7%
£13.50/
£5.00

Nuclear
411,343
£33.69
£13,856
17.4%
£13.50/
£5.00

No Programs
446,066
£28.46
£12,696
4.3%
£0/
£0

120,864

110,693

94,702

91,694

207,293

- 77 -

scenarios, and in theory could be met with lower cost CCGT, the CO2 cap on the higher
electricity load forces the model to adopt renewables instead of CCGT. There is still

Figure 6-1: 2020 Electricity Generation Deployment

200,000
180,000
160,000
140.000
120.000
100,000

80,000
60,000
40.000
20.000
■ BASE-NUKE
□ NO REGIMES

unused capacity in the model for CCGT, but the model meets the C 0 2 cap by using
higher cost energy crops and the more expensive tranches of onshore wind instead. In
contrast, higher cost renewables are not deployed in the Global Sustainability scenario
as they are in the other two scenarios. The Global Sustainability scenario has a tougher
C 0 2 target, but lower electricity loads accommodate the target. In practice, the
conservation investments embodied in the Global Sustainability scenario are another
technology to meet the CO 2 goal. All three scenarios have one thing in common, under
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the current fuel price assumptions, there is little or no coal used to generate electricity in

2020.17
The table also shows several cost metrics for the scenarios. First, is the total
system cost under the three scenarios as well as the Nuclear and No Programs cases.
U.K. expenditures for electricity total £15,888, £14,745, and £12,166 under the World
Markets, Baseline, and Global Sustainability scenarios respectively. These compare to
No Programs expenditures of £12,696.
The cost metric that individual consumers and producers are more interested in
is the price of electricity under each program, as this is what affects the price of the
goods and services that are produced or consumed. The increases in average price per
MWh forecasted in the World Markets, Baseline, and Global Sustainability scenarios
are 29%, 28%, and 20% higher than the No Programs case respectively. Notice how
the price increases are smaller under the Global Sustainability scenario, even though
CO? emissions are reduced an additional 15%, because of the effects of investments in
end user efficiency.

17 The drop in coal generation makes it important to note the decrease in thermal (coal and gas) and
grid intensities from the addition o f the ETS. The grid intensity is measured by the tons o f C 02 emitted per
ton per MWh and is an important indicator o f climate impacts from the electricity sector. If neither program
were to be implemented, grid intensity would increase to .46 tons C02/MWh from an estimated .43 in 2004.
In the Baseline case for the two combined programs, the 2020 grid intensity drops to .27 tons C02/M W h, a
drop of nearly 1/2 from 2004. Even under high C 02 price scenarios the grid intensity doesn’t fall below
much below .20. Intensity levels are stuck at this level because o f the continued penetration o f CCGT and
gas fueled CHP plants which are credited with a C 02 intensity o f .40.
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New Nuclear Build in the Baseline Scenario
Perhaps one of the most contentious issues between actors involved in the
climate policy field is the use of nuclear power to reduce CO2 emissions.
Environmentalists have opposed nuclear power for decades on safety and waste disposal
issues. The three main scenarios do not include a provision for new nuclear. This is
because new nuclear plants have not been built in the last several decades due to safety
and cost concerns, as well as a lack of permanent waste disposal sites. Another reason
for the exclusion of new nuclear is what I consider unrealistic price data in the main
U.K. data set. According to FES (2002) new nuclear for 2020, will cost only £30.86/
MWh, considerably less than coal technologies such as integrated gasified combined
cycle coal at £35. To include nuclear at this price level in all the other model runs could
potentially distort the analysis of the interactions between the two programs.
For this reason, the analysis only includes one run with new nuclear, using
Baseline CO2 levels and renewables target. The results certainly are interesting. The
“carbon free” source of generation is low cost in the model, and significantly reduces
compliance costs for the two programs (at a likely unreasonable level— therefore the
cost estimations should be taken with a grain of salt).18 Costs are reduced because
relatively costly and efficient industrial combined heat and power systems are displaced
by the nuclear build. Nuclear power also displaces new renewables. Without a
renewables subsidy, they would only develop a 10% share under the Nuclear case, a
18 In this data set, nuclear generation doesn’t account for the lifecycle C 0 2 emissions o f the fuel.
Enrichment, processing and disposal o f the fuel are responsible for C 02 emissions.
-
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huge drop from the Baseline level of 20.5%. Thus, it would appear that new nuclear
might displace efficient gas generation as well as renewables, assuming future cost
structures resemble those in the Model.
One other result of note is the similarities between the Global Sustainability
scenario and the Nuclear case. Average power prices are similar at about £34, and CO 2
emissions are similar (the model eliminates all remaining old coal plants due to cost
competitiveness at the CO2 prices in the respective runs). The noticeable differences are
that total electricity expenditures are 10% lower under Sustainability. It would appear
that new nuclear build might be able to be eliminated with sufficient cost effective
investments in energy efficiency.
VI. B. Essential Energy Efficiency
If energy efficiency is important because it reduces the need for nuclear plants,
then it is even more important because it determines the CO2 and renewables programs’
effectiveness and efficiency. This section examines how efficiency is an effective
mediator of the programs’ success. It begins with a discussion of some important
efficiency concepts and concludes with an analysis of how efficiency investments
contribute to efficacy of both the CO2 cap and the renewables target.
Utilizing end user efficiency to reduce electricity consumption is more important
if the demand for electricity is relatively inelastic. If electricity was a completely
inelastic good, end user price increases from the ETS or the Obligation would not
reduce demand. Without this reduction in demand, a corresponding reduction in CO 2
emissions would prove more difficult. Electricity use has long been considered price
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inelastic in the short term and long term, with the exception of certain energy intensive
industrial customers who are quite sensitive to price increases. DEFRA (2004c)
concludes that: “Households and businesses have not tended to alter their behavior in
response to changes in energy prices, either in terms of energy consumption or
investments in energy efficiency” (p. 19). Other modelers have investigated this
phenomenon and have concluded that price elasticities for the U.K. electricity sector are
too low to be relevant in modeling efforts (ILEX, 2004a). Perhaps one of the reasons
that consumers do not respond to increases in electricity prices is because the total
expenditures for the commodity fall below some threshold that makes the transaction
costs (information acquisition, counterparty risks, etc) of installing energy efficiency not
worth the potential savings.
However, when power prices rise dramatically this barrier to efficiency might be
reversed. The depth of the intervention in the power sector under the three scenarios
makes elasticities important once again. Without elasticities, power prices could
increase by over 40% in the Baseline case. This model uses DTI estimates long term
price elasticities of -.26 (U.K. OFGEM, 2003a) for 2020. The elasticity estimate for
2010 is .-15 from the U.S. Energy Information Agency (2005). Even with a low
elasticity o f -.26, demand is reduced by about 40,000 GWh from the No Programs case.
There are programs to reduce the use of electricity when power prices do rise.
Efficiency deployment is likely occurring within the ETS by industrial actors that are
included in the 2004 National Allocation Plan. These actors have an additional €20/ton
(£13) to pay for efficiency options such as improved compressed air equipment or
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variable speed drives for fans and pumps. This works out to be approximately a
€9/MWh incentive at the average grid CO2 intensity. The €9 incentive raises the benefit
cost ratio for end user efficiency and makes it more attractive. Once efficiency
equipment is installed and either electricity consumption or direct CO 2 emissions are
decreased, the allocations relating to these reductions are sold into the ETS by the
regulated actor who installed the equipment. Also, dedicated energy efficiency
programs are operating outside the ETS in the case o f commercial and residential actors.
These include the Energy Efficiency Commitments that were explored earlier in the
background section of this paper. The effects of these programs can then show up in the
form of reduced load growth in the second case. The impacts of residential and
commercial efficiency include a reduction in system costs and thus lowered power bills
for users.
One means of reducing dependency on natural gas is to install energy efficiency
“powerplants”. By installing weatherization and energy efficiency measures economywide, existing generation resources will serve new customers. To the extent that
electricity generation comes from natural gas, efficiency measures contribute to the
success o f these programs by reducing the price of natural gas. Wiser, Bolinger and St.
Clair (2005) find that each incremental MWh from renewables and energy efficiency
save consumers $7.50 to $20.00 MWh. By reducing electricity use and weatherizing
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homes and businesses using gas for space heating, efficiency measures can reduce
demand for gas, making it more economical to switch from coal to gas.19
The effect of the Emissions Trading Scheme on the uptake of energy efficiency
is difficult to model endogenously for this analysis. The main reason for this is due to
the fact that people do not capitalize on least cost energy efficiency opportunities as they
come along. Studies have shown there are significant existing energy efficiency
opportunities in all three sectors. The U.K. Interdepartmental Analysis Group (2002)
estimates that by 2010 there will be at least 65 MT of cost effective CO 2 available in
addition to the expected savings under the Climate Change Program and the U.K. ETS.

But in the first phase of the ETS the power sector is required to reduce emissions by 37
MT of CO 2 In theory, regulated actors in the EU emissions trading scheme now have
an incentive equal to the price of the allowance to exploit these opportunities. With
current allowance prices at €21.00 a ton, or nearly $25 a ton, this could be a significant
catalyst for energy efficiency as it can provide a financial stream to offset the capital
costs necessary for the energy efficiency projects. However, as discussed in the
background section, there are considerable non-financial barriers to energy efficiency
deployment including bounded rationality, unavailable equipment, lack of information,
and organizational or institutional disincentives (Sayathe & Murthishaw, 2004).

19 Natural gas contains about one half the C 0 2 o f coal. Also important is the “firm” nature o f electricity
generated by gas. Gas generation provides a reliable resource to meet baseload demand. Furthermore,
most gas generation has quick ramp rates (it can be turned on quickly) to meet peak period demand.
Natural gas can also be used to firm up intermittent resources like wind to deliver them to the grid. As a
result o f its desirable emissions characteristics and its flexibility in dispatch, policies and measures that
keep gas prices low are essential.
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Efficiency measures have important implications for the cost of the Renewables
Obligation. Ceteris paribus, the cost of the Obligation will be cheaper under low load
growth because absolute RES requirements are lower. Consider that the World Markets
scenario estimates electricity sales at 486k GWh in 2020 while the Global Sustainability
scenario forecast is 386k GWh.
A 15% renewable target in 2020 would require only 58k GWh of renewables
under the Sustainability scenario but 72.5k GWh under the World Markets scenario.
Considering that this 14.5k GWh difference is more than the 2004 installed renewables
capacity, it becomes significant. The 14.5k GWh represents about 3.3% towards a
Baseline renewables target and therefore could facilitate compliance. At the average
price for renewables in the World Markets scenario, the additional total cost would be
£556 million. In other words, investments in cost effective energy efficiency not only
supplant the need for new generation capacity investments, but can also significantly
reduce the cost of the renewables target. Efficiency gains can also make the renewables
target much easier to achieve—and at a lower cost.
Table 6-2: Renewables Costs

I

World Markets

Global Sustainability

I Load Forecast (no elasticities or
transmission losses)
15% Renewables
Cost o f Last Unit o f Renewables

486,000 GWh
72,500 GWh
£50.90

386,000 GWh
58,000 GWh
£44.69

In addition, because of the slope of the renewables supply curve, the cost o f the
last units of renewables will be much more expensive than the first units. A renewables
target under a high load growth scenario requires greater renewables deployment than a
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comparable target under a lower load growth scenario. The last unit of “new”
renewables in the World Market scenario is the second tranche of energy crops at
£50.90, while under the Sustainability scenario it is the first tranche of offshore wind at
£44.69. To see how these costs add up, consider that the average cost of renewables
under the World Markets scenario is £38.39, compared to £37.58 in the Global
Sustainability scenario. The renewables used to meet the target under the load growth
forecast are more expensive than the renewables used to meet the Sustainability
scenario. Efficiency measures that show up as reduced loads are therefore a
prerequisite to cheaper renewables policies.

Efficiency measures are also critical to a cost effective implementation of the
carbon cap. With enough cost-effective efficiency investments, significant C 0 2
mitigation can be done “for free” even compared to a No Programs case. Consider the
total system cost with the .7% baseline load growth scenario at £12.696 billion with no
renewables or climate protection. In contrast, the Global Sustainability scenario (#GS)
with a -.2% load growth and a 40% C 0 2reduction from 2004 levels has a total system
cost of £12.166 billion. The bottom line is that conservation opportunities can pay for
significant renewables penetration (21%), C 0 2reductions (40%) and still save
consumers a half a billion pounds a year. Any meaningful climate protection program
must begin with an aggressive conservation campaign.
VI.C. The Relative Efficacy of the Renewables Obligation and the ETS
While energy efficiency is the key to efficiently deploying renewables, and
makes compliance under the carbon cap much cheaper, simply adding renewables by
-
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themselves will not have an impact on total CO 2 emissions unless there isn’t any load
growth over the planning period. Only when energy efficiency investments eliminate
load growth can a renewables target have any significant impact of CO 2 emissions. This
is a fairly intuitive concept. With flat CO 2 emissions levels, each incremental percent of
additional renewables displaces emissions from the grid. Ceteris paribus, assuming no
load growth, 20% renewables will reduce emissions by 20% as it displaces existing
sources of generation. As we shall see below, this might not play out as it sounds, but
the basic logic is clear: renewables will not significantly reduce CO 2 emissions without
efficiency investments that eliminate load growth.
We can model the efficacy of the Renewables Obligation to examine the more
likely counterfactual of load growth. Assuming Baseline load growth, the Clean Energy
Planning Model shows that CO 2 emissions still exceed 2004 levels even when adding
20% renewables by 2020. The COo reductions from the Renewables Obligation are not
sufficient to meet the reduction required under even the first phase of the ETS, much
less more stringent later phases.
Part of the reason that the renewables target is not effective in meeting CO 2
goals, is because the imposition of a renewables target can have undesirable CO2
impacts on the remaining sources o f generation. Under the 15.4% Renewables
Obligation only, the grid CO2 intensity drops to only .41 tons CO 2/MWI1 in 2020, only
slightly lower than the No Programs case of .43.
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Table 6-3: Grid and Thermal Intensities
No Programs
15.4% Renewables

Grid Intensity Tons
C 0 2 / MWh
.43
.41

Thermal Intensity
Tons C 0 2/M W h
.53
.58

2020

MT

co2
207
183

As shown in Table 6-3, the zero carbon intensity o f the renewables is offset by
the continued presence of high carbon intensity coal generation. In fact, the imposition
of a strong renewables quota can have perverse impacts on the remaining thermal
sources of generation. Without a CO 2 cap, a strong renewables target displaces higher
cost thermal sources, mainly peaking gas and less efficient combined cycle plants. This
raises the CO2 intensity of the remaining thermal resources such as coal. Using the
Baseline load growth, a 35% renewables quota raises thermal intensities to .58 from .53
under the No Programs case. The net CO 2 benefits from the Obligation are therefore
reduced or eliminated by more CO 2 intensive coal resources. Here, the model tells us
that it’s likely the renewables target needs a C 0 2 cap in order to make meaningful C 0 2
reductions.
This aspect of the Obligation brings back the issue raised in the background
section; that a renewables target is designed to meet different policy goals than a C 0 2
cap. While renewables can contribute to C 0 2 reductions, its ability to make deep
reductions i s limited. We have seen that a renewables target offers only a part of the
toolbox that an ETS does. While the target will add renewables, it can’t enable
generation fuel switching from coal to gas, nor can it fund energy efficiency.20

20 In addition to limited long-term C 0 2 reductions from renewables, renewables cannot provide
immediate C 0 2 reductions because o f delays in installing them. The amount o f renewables that can be
- 8 8 -

VI.D. Interactions between the Renewables Obligation and the Emissions Trading
Scheme
Up to this point, the analyses have shown that by itself a renewables target is not
an attractive policy option to reduce CO 2 , except in the unlikely case of zero growth in
electricity demand. Energy efficiency plays an integral part in cost effective compliance

deployed within the next five years are limited by siting constraints, interconnection problems,
transmissions issues, and the system ’s ability to integrate large amounts o f intermittent resources like
wind. A report for the U.K. National Audit Office (2004) forecasted that the best case scenario would
be a 9.9% RES level by 2010, and the slope o f the line indicated that adding one percent a year would
be difficult, implying that 20% by 2020 is not necessarily an easy target in spite o f how far away it is.
Yet, low cost renewables are cheaper sources o f mitigation than some fuel switching. There is
potential for the two programs to interact here because the ETS forces C 0 2 reductions in the short term
before the lowest cost resources (like wind) can be deployed. Therefore, the imposition o f the ETS that
limits emissions to 130 million tons by 2010 interacts with the renewables constraints negatively. The
rate o f C 0 2 reductions compared to the RES deployment constraint forces the model away from the
least cost solution. Essentially the ETS forces firms to do more fuel switching from coal to gas rather
than waiting to install lower cost renewables resources. This drives compliance costs for the combined
programs upwards. This question was modeled by comparing the total system costs for 2010 by
limiting renewables to 8.5%, a middle value for the U.K. NAO forecast, with the costs for
unconstrained 2010 renewables. The unconstrained renewables solution equaled 10.3% and total costs
are approximately £23 million less. The loss o f nearly 2% renewables in the constrained run accounted
for a small reduction in costs.
The important conclusion o f this analysis is that when some renewables are competitive with
fossil technologies, the introduction o f a stringent ETS needs to allow for lead times to deploy
renewables. This is especially true if the ETS forces firms to invest in assets that may become stranded
in later years o f the program if a significant amount o f renewables come online. Installing expensive
CCGT systems which are later displaced by wind generation results in an inefficient allocation o f
resources. The ability o f the marketplace to deploy renewables, or the slope o f the renewables path is a
key variable in setting the ETS cap. The data for the U.K. indicates that this slope is less than 1% o f
new renewables a year or approximately 4,000 GWh, which displaces approximately 1.7 MT o f C 0 2 a
year. The depth o f the restrictions on C 0 2 from the ETS needs to consider this deployment path in the
program design stage.
While there are small costs to consumers from implementing an overly aggressive ETS, the
costs to consumers from an overly aggressive Renewables Obligation is potentially even larger. The
Clean Energy Planning Model indicates that an £8 renewable subsidy is necessary to meet the 15.4%
target for renewables in 2020. Yet current certificate prices are well above the buyout price o f £30
because o f the aggressive target as well as the “smear back”. To review, this is the mechanism that
allows suppliers who meet their obligation with certificates to share in the pool o f money from those
suppliers who met their obligation with the buyout option. Nonetheless, assuming that the certificate
price stays at the buyout price until 2015 due to supply constraints, the £22 difference between what the
Model shows is necessary and the buyout represents about £1.5 billion in unnecessary costs for
consumers.
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with both programs. With this background, it is now possible to delve into the meat of
the research design; the interplay between the renewables target and the CO2 cap.
Given that the Renewables Obligation will deliver only modest CO 2 reductions under
load growth conditions, what happens when a CO 2 cap is added to the mix?
The introduction of an ETS on top of an existing renewables quota can lead to
significant interactions depending on a host of factors. The most important factor is the
stringency of the ETS. If the ETS requires significant C 0 2 reductions then the RPS
becomes irrelevant. Given the forecasted energy prices from DTI (2004a) and ILEX
(2004b) used in the three scenarios, the analysis indicates that the ETS will swamp the
Renewables Obligation and make the latter largely irrelevant to the amount of
renewables deployed. This is consistent with the results from ETSU (2000)and Ford et
al (2005). Consider the policy case where emissions are reduced to 110 MT in 2020
from the 2004 level o f 167 MT in 2004. The Clean Energy Planning Model® shows that
with this ETS level, the model installs 20% renewables; greater than the 15.4% required
under the Baseline scenario, and equal to the level needed under the Global
Sustainability scenario.
The Renewables Obligation then becomes redundant because the CO 2 program
adds significant renewables in the least cost solution. In the interim 2010 period, the
model indicates that the ETS will also add renewables past the maximum deployment
rate of 9.9%, which as discussed earlier is likely to be lower than the 10.4% required
under the Renewables Obligation. Put another way, if all of the renewables installed
between now and 2020 are done to meet the ETS target, then the Obligation’s
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incremental contribution to renewable energy deployment is nil. If this is the case, then
the value o f the renewables certificates should also be zero.
Another way to model these interactions is to monitor the value for Renewable
Energy Credits as CO2 values increase. Table 6-4 below depicts the 2020 results from
the Baseline scenario. Notice how the amount of renewables installed increases over the
period due to the increasing CO2 penalty to thermal generation sources. However, the
marginal value o f renewable energy falls by almost 65% from £15.50 to £5.65/MWh.

01

Table 6-4: The Effects of CO 2 prices on Renewables Values
2020
Renewables
Deployment
ROC
Marginal
Value / MWh

E0EUA

£5EUA

E10EUA

E15EUA

E20EUA

4.3%

8.8%

8.9%

12.8%

19.1%

£15.50

£13.00

£10.50

£8.00

£5.50

These results are consistent with what other modeling studies have found for the
relationship between renewables prices and CO 2 allowances (Hindsberger et al, 2003,
Morthorst et al, 2004). The net result is when the ETS is relatively stringent under
increasing load growth, as it is in the Baseline and World Markets scenarios, both
demand and supply will be inelastic for Renewables Obligation Credits with supply
being higher than demand. The result will be low or zero prices for the Renewables
Obligation Credits.22

21 The marginal value is defined as the cost of the last unit of renewables minus the cost of the last unit

of non-reneWables, which in the final solution is usually peaking gas. Another metric used in this
analysis is the intrinsic value which is the average cost for renewables minus the average cost of non
renewables.
22 The Obligation might have more value to energy finance than this analysis foretells. If, as the
government posits, Obligation certificate prices are to remain at the buyout price through 2010, this
provides a great deal o f uncertainty reduction for the financing o f renewables with levelized costs above
the market price. However, financing is but one o f the barriers to renewable energy deployment. The
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The next question one could ask is what level of ETS is required to add
renewables over and above what the Obligation would have done on its own? Under
Baseline load growth, the Obligation by itself adds 15.4% renewables equating to 183
MT (109%. of 2004 levels). So unless the government is going to increase the power
sector’s allowances by 16 MT from 2004 levels (or 57 MT from the current National
Allocation Plan), there will not be interactions beyond the ones previously described.

23

This is important for the U.K. because unless the government increases the supply of
COa allowances to the power sector between 2007 and 2020, it will mean that the
Obligation potentially represents an unnecessary cost for the power sector and U.K.
This result is also robust across the two largest load growth scenarios, without massive
investments in energy efficiency, a stringent ETS will supplant the need for the
renewables target at the current CO 2 target; given current fossil fuel price forecasts.

Interactions Under Lower Fossil Fuel Prices
While the Obligation may prove redundant under the ETS, given the current
model parameters for fuel prices and emissions trading assumptions, possible futures
may could develop that might not result in a redundant renewables target. Energy price
forecasts are notoriously unreliable. In a review of the flagship gas price forecasts from
Obligation perhaps can overcome other barriers by providing certainty for suppliers about what their
investment in renewables will be going forward a decade or more. A more robust analysis o f these
issues is beyond the scope o f this paper.
23
However, it is highly unlikely the power sector will receive allocations beyond the current 130
MT. Political pressure from the U.K. environmental community makes it unlikely that the government will
ease up on the power sector. Furthermore, the EU Commission’s (2006) guidance document for Phase II o f
the ETS calls for further reductions in the next period and makes it doubly unlikely that the U.K. government
would be legally able to increase the ETS allocation to the power sector. In essence, the 130 MT limit for the
sector in the 2005-2007 period is likely the most it will ever receive.
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the U.S. Energy Information Agency (EIA), Bolinger and Wiser (2005) conclude that
“past accuracy has been wanting” and that “little weight should be placed on long term,
fundamental forecasts such as those created by the EIA, and that sizable uncertainty
bounds should be used regardless of which ‘base-case’ forecast is used” (p. 4). There is
a tendency in modeling to view the future as a snapshot in time, but perhaps a more
appropriate analogy would be as an interactive moving picture with multiple plot lines
that can determine the ending. The relatively high fuel prices utilized thus far in the
analysis make renewables more competitive and increase their representation in the least
cost solution(s). But what if fossil fuel prices return to levels of the 1990s? This might
seem like a ridiculous idea given current oil prices; but then again so would have $60 a
barrel oil in 2005 for analysts back in 1995. Besides, lower fossil fuel prices will enable
the Model to examine more subtle interactions between the two programs.
The following analysis uses gas and coal prices of £1.85 and £1.50 MMBTU,
comparable to the levels of ten years ago (ILEX, 2004c). At these lower gas prices, the
Renewables Obligation can contribute to meeting the renewables goal. Using the
Baseline load growth scenario, a 130 MT CO2 cap deploys only about 10% renewables
by 2020. The reason that the CO 2 cap doesn’t add much in the way of renewables at the
weak cap level under low fuel prices is because fuel switching becomes a much cheaper
source of CO 2 reductions than renewables. The addition of the cap forces the old coal
out of the mix and replaces it with peaking gas and industrial CHP, but limited
renewables.
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Table 6-5: CO 2 Prices and Renewables Under Low Fuel Prices

World
Markets
Baseline

Cap Level

C 0 2 Price

Renewables
Level

130 MT

£25-£30

10%

117 MT

£30

17%

Grid Intensity
.32 tons C 0 2
/MWh
,29tons C 0 2
/MWh

While the renewables target is required to enhance renewables in the low fuel price
case, its impact is also a function of the depth of the CO2 reduction required. In contrast
to the above weaker cap, a 117 MT cap will add 17% renewables. This is because if the
CO 2 cap requires grid intensity to drop below the .40 tons/MWh level of CCGT, then
nuclear or renewables will be required. Under these fuel price conditions the 117 MT
cap doesn’t come cheaply. Because renewables are so expensive relative to gas, but are
required to reduce the grid intensity below that of efficient gas plants, the cost of the
CO 2 cap rises considerably. A £30 CO 2 price , up from £22, is necessary to meet the
target.
The net result under the low fuel price scenario is that the renewables target
plays an important role in diversifying the generation mix. The ETS replaces coal with
gas and subjects actors to substantial fuel price risks and energy security issues. The
renewables target is needed to mitigate these risks under a weak CO 2 cap and low fossil
fuel prices.
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The Effects of Emissions Trading on the Programs’ Interactions
The above analyses assume all the CO 2 reductions required by the ETS come
from within the U.K. The Clean Energy Planning Model simulates mitigation within
the power sector (including CHP). However, with a coal to gas fuel price differential of
nearly £1 MMBTU, fuel switching or installing new renewables are not the least cost
source of CO2 mitigation. As IAG (2002) notes, there are significant residential,
commercial, and industrial sources of mitigation. Yet, the residential sector is outside
the ETS, and will be for the near future because the government hasn’t developed
domestic offset protocols for energy service companies to sell reduction into the ETS.
Regardless of the fungibility of trading out of the residential sector, there remain
significant efficiency opportunities from other sectors within the ETS.
This is certainly true for the entire ETS region; CO2 intensities of the Central and
Eastern European States are much higher than the U.K.’s, and could provide significant
sources o f CO2 reductions. Also, ETS participants can purchase international reductions
through the flexibility mechanisms of the Kyoto Protocol. Under these mechanisms,
project developers and developing country governments can sell CO 2 reductions from
projects in China and India into the EU ETS. The net result is cheaper CO 2 mitigation
opportunities from these mechanisms rather than ones available within the U.K. power
sector. The extent of these C 0 2reductions inflows into the U.K. power sector remains to
be seen, but if they cost less than sectoral options, then they will be considerable. The
Clean Energy Planning Model can model the impacts of trading on the power sector.
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Because the Model is a partial equilibrium model of the U.K. only, CO 2 values and
quantities of allowances purchased by the power sector must be exogenous inputs.
This analysis compares the emissions trading scenario to the Baseline scenario
and the No Programs case. In the emissions trading scenario, 47MT of CO 2
reductions are done within the U.K. power sector and the remaining 40 MT is purchased
through the ETS in order to meet the Baseline target of 117 MT. The Model simulates a
CO 2 cap of 160 MT and the results are surprising. The primary thermal difference
between the Baseline scenario and the trading case is that the Baseline scenario nearly
eliminates coal in favor of CCGT, while in the trading case leaves the coal and CCGT
almost unchanged from the No Programs case. The emissions trading case also will not
reach the renewables target without a renewable obligation credit subsidy.
Determining the cost of the trading case is less deterministic. We can assume
that firms will purchase CO2 allowances if they cost less than domestic mitigation. The
cost of CO 2 allowances in the 160 MT case is approximately £15. Assuming that the
purchased allowances cost this amount or less, power prices would rise to no more than
£34.21/MWh, and a total system cost of less than £14,430 million. This figure
represents about a 13% increase in cost over the No Programs case, but represents a
£315 million savings from the Baseline scenario. Remember that the total emissions
from the two cases are the same, but lower cost allowances from outside the power
sector are substituted for fuel switching or new renewables. Thus, we see that
significant gains from trade are possible. CO 2 is a global pollutant and we could argue
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that in spite of the lack of domestic reductions under the trading case, the cost savings
from trading could be used to fund other mitigation not possible without trading.
Figure 6-2: Dynamic Supply Curve Depiction
L o w F u el P rices

£30
B a se lin e

B a se lin e w ith T rading

£22
£15

B a se lin e

VI.E. Analysis Conclusions
It’s possible that original research has an exceptionally strong potential to
contribute to a field’s knowledge when the results contradict the researcher’s expected
findings. The dynamic nature of the underlying supply curve for CO 2 mitigation came
as a surprise. While it’s no secret that the price of fossil fuels is a huge determinant o f
renewables deployment, this variable drives the ability of the two programs to interact
(or not). With higher fossil fuel prices, there is limited interaction between the two
programs as the ETS swamps the renewables target because renewables are favored in
the least cost solution. The exception where the RJPS is necessary is the Global
Sustainability scenario with low electricity load growth. Under this scenario, the CO 2
cap is met with energy efficiency and some fuel switching. If the government wants to
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add renewables up to the 20% target, then renewables musts be subsidized. The
accompanying table summarizes a few of the lessons learned from this analysis. As
with most 2X2 tables, much o f the detail is left out and should be viewed as a heuristic
only.
Table 6-6: Lessons Learned

•

Weak ETS

•

•
•

Strong
ETS

•
•

Low Gas Prices
Aggressive efficiency
programs needed for cost
effective compliance with
ETS
RPS required to install more
than miniscule amounts o f
renewables
RPS and ETS compliment
each other
Fuel switching from coal to
gas
Low cost COz cap possible
RPS (or nuclear, energy
efficiency) required to drop
C 0 2 intensities below the
levels o f combined cycle gas
plants

High Gas Prices

•
•
•
•
•

•

More coal generation expected
RPS required only to the extent
that coal use is limited by the ETS
Best opportunity for clean coal
technologies such as IGCC
Large endogenous efficiency
potentials
Significant renewables will be
added as part o f the least cost
solution
RPS is redundant to ETS

The RPS must be included in the regulatory mix under periods of low fossil fuel prices.
Under these conditions the ETS will not add significant renewables without an RPS.
Actors will switch from coal to gas as the least cost generation choice given the
regulatory constraints.
If the central focus o f a state’s energy policy is renewable energy deployment to
ensure rural economic development, energy security, or the reduction in non-CC>2
pollutants, then an ETS needs to be supplemented with a renewables program.
Assuming that the RPS implemented first, as in the U.K., then under low fossil fuel
prices an ETS can be added—and significant CO 2 reductions can be achieved—at very
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little incremental cost to the existing RPS. The bottom line is that the combination of
programs needs to be flexible across a wide range of market and policy outcomes; no
matter what the market throws at the power sector, policies must be in place to ensure
an effective and efficient response by actors in the field.
While fuel prices and CO 2 restrictions are important in cost and effectiveness
evaluations, perhaps the most important influence on these criteria is load growth.
Although the author has worked in the energy efficiency sector for years, I had
misjudged the importance of efficiency in determining the cost of the two programs.
This paper could just as easily be titled “The Interactions between Energy Efficiency,
Carbon Regulation, and Renewable Energy Policies in the U.K.” for all of the
importance that efficiency programs play in determining outcomes. Figure 6-3 depicts
energy efficiency as the foundation of the other two programs. The ETS funds
efficiency measures by adding the value of CO2 allowances into the present value of
efficiency measures. Under the Baseline scenario, the value of the ETS represents £1.7
billion that can be used for fuel switching or energy efficiency. In this scenario, the £22
CO 2 value could add nearly £6 per MWh for efficiency or fuel switching investments.
The analysis also claimed that with enough cost-effective efficiency investments,
aggressive CO 2 targets can be done “for free” even compared to the No Programs case.
To examine the counterfactual of efficiency investments, consider Baseline level
CO 2 reductions under World Markets growth. From a cost effectiveness standpoint, the
worst case scenario is a lot of load growth over the planning period from a lack of
efficiency investments and then adding a a drastic CO 2 intervention. This is essentially
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the sticker shock that the U.S. woke up to when its examined its Kyoto commitment and
the costs of compliance. In the U.K. case, if the sector experienced 1.2% load growth
and then tried to reduce CO2 down to 110 MT it would result in a CO 2 allowance price
of £30 and average power prices of over £40 a MWh. The cost differential between
these combinations o f scenarios dwarves the costs under the Baseline scenario where
average power prices are £36.48 and CO 2 costs £21 a ton.
The ETS also provides funding for renewables by assigning a CO 2 penalty to
thermal resources. Figure 6-3 depicts the relationship between the programs. Under the
Baseline scenario with high natural gas prices, the ETS funds the entire amount of
renewables necessary to meet the RPS. This potentially represents £730 million for
renewables. Finally, both programs need to consider renewables deployment
constraints in their design. The CO2 reductions arrows coming down from the RPS into
the ETS need appropriate lead times in order to deliver their reductions. In the U.K.
case, the Renewables Obligations and the ETS require immediate deployment of
renewables—exceeding actors’ abilities to respond.
In conclusion, due to the dynamic nature of the supply curve, a comprehensive
climate policy needs both the renewables target and the CO2 cap. What policymakers
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Figure 6-3: Diagram of the Programs

RPS
SS’s

ETS
V i's

Efficiency Program(s)

need to be concerned with when designing the two programs is the combined costs of
the system and what how the costs of the programs are apportioned to stakeholders. The
combined effects of poorly designed programs have profound equity implications, as we
shall now examine.
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VII.

Theoretical and Policy Implications
The CO2 and renewable energy programs are imposed on the U.K. power sector

to meet energy and environmental policy goals. According to the modeling, these two
programs will invariably result in higher consumer prices. Which, according to
economic theory, is not necessarily undesirable if: a) Higher prices result in less
demand, b) Revenues are returned to consumers to reduce existing tax distortions in the
economy (preferred), or as a lump sum payment. With revenue recycling and a
reduction in demand, economic efficiency criteria can be met. However, without
recycling, and given what the analysis has shown for the U.K. CO 2 program, we need to
ask whether this is the optimal program to achieve its policy goals.
VILA. Implications from No Revenue Recycling
Because this analysis has repeatedly stressed the importance of demand
reduction in meeting energy and environmental targets, there is no reason to repeat the
lessons learned. While a demand reduction due to a price increase is a potentially
important mechanism in reducing CO 2 , carbon and renewables regulations also relate to
economic theory’s assumptions on revenue recycling. Welfare economics states that
losers should be compensated for the higher costs by refunding the additional costs
through the tax system or as a lump sum payment (Nas, 1996). When higher costs
reduce the consumer surplus, the government should transfer as much of the increased
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costs back to the consumers. Yet, the U.K. ETS and the Renewables Obligation both
increase the cost of power to consumers without recycling the revenues.

24

The 10.4% Renewables Obligation for 2010 imposes significant costs on
consumers. This analysis argues that given current and forecasted fuel prices, a
£10/MWh subsidy would be required to meet the target— leaving a £20 increase in
producer profits per MWh. The U.K. National Audit Office (2004) estimated that one
third of the £30 revenue from the Obligation would flow back to producers as excess
profits25. Rather than recycle these revenues back to consumers who are exposed to
higher prices, the revenues flow back to renewable energy suppliers. From an equity
standpoint, the worst aspect of the Obligation is the “smear back” mechanism that
recycles funds suppliers use to meet compliance through the buy out option. This
mechanism gives suppliers incentives to meet the Obligation target through installing
renewables rather than using the buyout price. Asymmetrical welfare distributions
result from the smear back mechanism.
The welfare problems in the U.K. system do not end with the design of the
Renewables Obligation. The U.K. implementation of the EU ETS further increased
equity disparities. Recall that the U.K. grandfathers, or gives away, all of the rights to
24 Consumers are asymmetrically impacted by price increases, poor consumers are impacted most
negatively by the price increase as their expenditures are higher relative to their income (Cramton and
Kerr, 1998). Other groups are negatively impacted by the C 0 2 and renewables programs. In addition
to consumers, these potentially include coal miners, and owners o f physical capital that is carbon
intensive.
25 The model runs from the Clean Energy Planning Model indicate that only a £10 subsidy is required to
reach 10% renewables by 2010, or that two thirds o f the buy out represents excess profits. Part o f the
difference between this modeling effort and the Audit Office report could be due to the gas price
forecasts used for 2010 in the two different models. The National Audit Office report doesn’t list
modeling assumptions, but spot gas prices were £2.00+ when the U.K. report was written in 2002-2003
versus £3.70 in 2004.
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emit CO2 . In every Member State national allocation plan, auctions represent less than
5% of total allocations. Auction proceeds typically are used to cover program
administrative expenses (Rogge, 2005). In the U.S., grandfathering has been the
dominant method of allocation— starting with the U.S. Acid Rain Program. The East
Coast Regional Greenhouse Gas Initiative proposed to auction 25% of their allowances
to pay for energy efficiency that could offset increases in power prices the consumers
who install efficiency measures. (RGGI, 2005).
That these price increases are not being returned to those who are impacted by
the ETS and renewables programs in the U.K. is a matter of great concern. In fact, some
EU Member States are moving towards rectifying the efficiency and welfare problems
associated with the current implementation paradigm of the ETS. Power generators in
Germany are estimated to receive €64 billion in windfall profits between 2005 and 2012
from free allowances. This number dwarfs the €11.6 billion power generators are
expected to invest in the sector during the same period (PointCarbon 2006c). Germany
is reported to be auctioning some of its allowances in phase two of the ETS to reduce
these windfall profits (PointCarbon, 2006a). In addition, Finland is considering
legislative means of reducing windfall profits from power generators (PointCarbon,
2006b). Without actions to reduce the problems with the current implementation of cap
and trade programs, society is paying an unnecessary cost for trading. There exists a
means-end confusion in the rush for a cap and trade. Trading is currently being viewed
as a desirable end in and of itself rather than a means to achieve cost effective and
efficient policy goals.
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VI1.B. An Alternative to a Gap and Trade?
If increases in producer surplus are not recycled back to those who lose out due
to the two programs, then it is worth examining alternatives to the current paradigm.
Modeling a CO 2 cap can be done in two ways. The first way is the C 0 2 adder method
where a CO 2 value is assigned to plants based on their emissions intensities. As
described in the methods section for this research, a single value was added to all
plants’C 0 2 emissions and the resulting reductions in the grid’s emissions was noted.
The C 0 2 value was raised or lowered to match the model’s emissions estimates to the
CO2 cap.
However, for the least cost solution, the Clean Energy Planning Model can also
constrain emissions directly rather than relying on a cost adder for C 0 2. The constraint
simply says that emissions (per period) can only be XX million tons for all the plants in
the system. The optimization model then finds the least cost path given plants C 0 2
emissions rates. The cost increases under the direct constraint method are simply the
added cost of switching generation sources without any added C 0 2 value. In contrast,
the C 0 2 adder approach represents technology switching costs plus the C 0 2 values
under the cap and trade necessary to reach a certain C 0 2 level. The difference in costs
between the two methods is significant. A £25 CO 2 value reduces 2020 U.K. emissions
to 75% of 2004 levels, essentially the World Markets target, with a 34% increase in
average power prices (with no price elasticities). However, if emissions are constrained
to this level directly, average prices only increase by 10%. An example is helpful to
illuminate the huge difference in forecasted costs under the two methodologies.
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Table 7-1: Comparison of Results for a Carbon Adder versus Directly
Constraining CO 2 Emissions Levels
2020

126MT
£12.76
Nuclear
Misc-Larqe Hydro
£25.38
Thermal-Old Coal
£25.89
Thermal-CCCT Gas
£29,91
£30.17
RES-Wind-Onshorel
RES-LFG1
£30.45
Thermal-CHP-lndust
£32.04
Thermal-Peaking Gas
£35.25
RES-Wind-Onshore2
£35.34
Misc-lmports (France)
£35.50
RES-LFG2
£35.60
RES-Wind-Onshore3
£40.44
RES-LFG3
£41.05
RES-Biomass1
£41.83
RES-Energy Cropsl
£43.15
RES-Wind-Offshore1
£44.69
£46.29
RES-Waste1
RES-Wind-Offshore2
h £48.65
RES-Hydro1
£50.75
COST (MILLIONS)
£13,855
Technology

GWh

Wtd Avg Price
£25 EUA
£12.76
£25.38
£48.64
£39.94
£30.17
£30.45
£42.04
£47.75
£35.34
£35.50
£35.60
£40.44
£41.05
£41.83
£43.15
£44.69
£46.29
£50.75
£17,016

No
Programs
31,889
2,122
85,140
153,111
5,331
10,093
86,560
67,895

728

2,361
835

126 MT
31,889
2,122
416
210,976
5,331
10,093
86,560
14,183
17,520
14,016
2,000
23,827
500
6,728
15,000
301
3,361
406
835

£25EUA
31,889
2,122
211,807
5,331
10,093
86,560
14,175
17,520
14,016
2,000
23,827
500
6,728
15,000
301
3,361
835

The table shows the variation in planning outcomes between the two
methodologies. The No Programs and 126 MT runs share the same levelized prices.
The bolded text indicates the impacts of the CO2 adder on the prices for thermal
resources. Notice that old coal is essentially eliminated under both the 126 MT and the
£25EUA cases. Also, peaking gas is greatly reduced under both cases. The loss of
these two high carbon resources are made up for with carbon free renewable resources.
The two cases share nearly identical outputs, but the cost for the 126 MT case is £3.2
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billion less. The implication is that the true “least cost” path from the 126 MT run is
nearly identical to the much higher cost path of the £25 EUA.
A strong argument can be made that if price increases are substantial and none
of the revenue will be recycled, then a cap and trade system might not either the most
efficient, or the modest equitable program design. Cap and trade programs are
considered efficient because trading allows actors with high marginal costs of mitigation
to trade with actors with low costs of mitigation. Tradable permit systems are ideal for
regulation where the costs of mitigation are unknown to regulators, but known to firms.
The theoretical question then becomes what level of certainty about information
regarding mitigation costs is required to justify the inequities associated with a
grandfathered cap and trade?
This analysis assumes “perfect” information and that cost structures experienced
by firms over the planning period are similar to the model’s. This is the nature of least
cost planning. However, as reality rarely behaves according to forecasts, the results need
to be taken with a grain of salt. Nonetheless, regulators and market actors have a long
history in installing electricity generation equipment. The factors affecting costs for
both thermal and renewable resources are relatively well-known and include siting
costs, construction costs, capital costs, financing costs, and other costs. I maintain that
regulating the power sector is dissimilar to regulating other sectors like the chemical
industry, where actors have significantly more information on the cost of developing
less polluting substitutes than regulators. In the power sector this mitigation information
is in the public domain. Information is available due to the research undertaken by
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governments, because the market relies on contractors to bid for new projects, and
regulators scrutinize the costs of new generation installed by utilities before allowing it
into the rate base in cost of service regions. Without information asymmetries between
regulators and firms in the power sector, the justification for tradable permit regulation
is weakened, especially given the grave design flaws of the U.K. programs.
VII.C. Implications for other Member States and International Actors
Many o f the lessons learned about program design in the U.K. are generalizable
to other Member States and internationally. First, the environmental and energy policy
programs will result in price increases. If the price increases are not recycled back to
consumers then there will be windfall profits by regulated actors who receive the
allowances for free. This will have negative impacts on large energy intensive
consumers such as the aluminum industry and manufacturers. This could result in

26

A program that could result in lower price increases is an emissions portfolio standard,
where suppliers must deliver electricity with a specified C 0 2 intensity. Instead o f just adding a
renewables quota, the emissions standard also allows fuel switching and end user efficiency to occur.
The emissions standard allows end user efficiency measures into the program as C 0 2 reductions from
efficiency are used to reduce the delivered C 0 2 intensity. An example would be a coal generator who
needs to reduce his C 0 2 intensity from .90 tons C 0 2/MWh to the program target o f .30 tons C 0 2/MWh,
The operator could purchase .6 tons o f C 0 2 mitigation through an efficiency program to meet the
standard, or two MWh o f renewables. The net intensity o f either o f these actions would be a delivered
C 0 2 intensity o f approximately .30 tons CO2/ MWh.
Under either an emissions portfolio standard or a cap and trade, regulated actors can m eet the
emissions standard in an emissions portfolio standard any way they choose. The categories o f actions
that must be taken are w ell known: coal generation needs must be reduced, renewables increased, and
gas efficiency rates must be increased. The emissions standard does not provide an absolute cap on
emissions, providing uncertainty about meeting environmental goals (Burtraw et al, 2001). It does
however better allow for variations in demand due to weather and cyclical business fluctuations.
The difference in mitigation costs comes from the C 0 2 intensity o f the source o f generation
being displaced. If the operator o f an old coal plant wants to reduce C 0 2 by one ton, all s/he has to do
is add 1.1 MWh o f renewables (at .9 tons C 0 2 /MWh). However, if a CCGT operator wants to reduce
C 0 2 by one ton, s/he has to add 2.5 MWh o f renewables (at .4 tons C 02/M Wh). In this case mitigation
costs vary by a factor o f 2 and we would expect to see a lot more coal operators contracting for
renewables deployment than we would for CCGT operators given a C 0 2 target.
-
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leakage when these industries move offshore seeking electricity rate relief. To the
extent that the relocation occurs in regions without CO2 caps, the domestic program has
achieved nothing except a loss of domestic industry.
The lessons about what types of renewables technologies are likely to be
developed as a result of the two programs is generalizable to other countries as well.
Other industrialized countries have similar nuclear and coal generation plants due to
soon be retired. The EU-10 Eastern European countries with higher CO2 intensities will
likely have lower cost compliance experience. However, renewables supplies will also
determine the cost impacts, and these countries are not likely to have the wind resources
the U.K. has.
Perhaps the most important factor impacting the generalizability of these
findings is future fossil fuel prices. The U.K. has relatively low natural gas prices and
much higher coal prices relative to the U.S.27 This is a function of the U.K. coal
deposits that require much labor to extract than the U.S., where seams are near the
surface and can be extracted with heavy machinery. Furthermore, the U.K. has also
enjoyed abundant North Sea natural gas reserves whereas the U.S. gas supplies have not
kept up with expanding demand.

27

The U.S. forecast comes from the U.S. Energy Information Agency Annual Energy Outlook 2005
reference case forecast table A3.
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Table 7-2: Relative Fossil Fuel Prices
Country
U.S.
U.K.

2020 Gas Price
Forecast

2020 Coal Price
Forecast

$5.20

$1.25

$4.85

$3.22

The implications for the fuel price differentials are very significant. Countries like the
U.S. or China with a large coal to gas fuel price differential would experience much
more expensive renewables programs and more costly CO 2 mitigation. The higher
expense is due to the fact that displacing existing coal generation with renewables is
much more expensive than fuel switching in the U.K.
In spite of the fuel price issue, the experiences of the U.K. are important because
it is the world’s “first mover” with these two combined programs giving it a high profile
position. Canada, Japan, and other Member States in the E.U., as well as the regional
GHG initiatives in the U.S., are looking towards the U.K. for its successes or failures.
The finding that the effects of the ETS could overwhelm the need for the renewables
quota (depending on gas prices) has important policy design implications for other
states. Recall that even when 2020 reductions are limited to 130 MT (or 22% below
2004 levels), the ETS added nearly 20% renewables.

The author is involved in a

legislative process to design a comprehensive climate policy for Oregon targeting a 20%
reduction in CO 2 by 2020. Oregon is considering implementing both a CO 2 cap and
trade program along with a renewable portfolio standard. The results of this research
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implies that due diligence must be performed on the design of the two programs in order
to meet CO 2 and renewables targets in a cost effective manner.
Designing a hybrid program that combines hard targets for CO 2 reductions with
flexible support for renewables is a worthwhile project. The delicate trade off comes
from balancing known financial incentives for renewables’ developers with limiting the
price impacts to consumers. Banks and other lenders need financial flows from the
renewable energy component o f green power over its projected lifetime to finance
development. Because of the need for uncertainty reduction from these key actors,
renewables support needs to be transparent and stable over time. The market
instruments associated with the renewables quota provide protection against
inefficiency. These mechanisms incorporate flexibility in incentives because as the
percent of renewables installed increases, either due to the ETS or the renewables quota,
the price of renewables certificates will fall. This will limit the price impacts to the
system. Although in theory the U.K. programs could be flexible, the stringent
deployment schedule combined with the mechanism that recycles compliance revenues
back to renewables generators, means that Renewable Obligation Certificate prices will
likely stay high through 2015.
VII. D. Administrative Interactions between the Two Programs
While flexibility in the support mechanisms of the Renewables Obligation could
reduce inefficiencies, it will not alleviate the fact that the Obligation could become
redundant under the ETS. However, while renewable certificate prices will fall as
supply increases (and as fossil fuel prices increase due to the effects of the CO2 cap), the
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costs of administering the renewables quota will not necessarily decrease. This implies
that the renewables quota must be administered in a cost effective manner whereby the
cost of the program is shared by other regulatory obligations. For instance, in the U.K.
the Office of Gas and Electricity Markets (OFGEM) administer the Renewables
Obligation. OFGEM is also responsible for gas and electricity suppliers’ compliance
with the Energy Efficiency Commitment. OFGEM claims that its operating budget
represents less than 1% of gas and electricity sales (OFGEM, 2006). The website also
notes that it has experienced budget cuts of 6%, and will be operating under a cost
control program for the next five years.
Not only are administrative costs potentially a concern, but also the combined
compliance costs of the two programs on regulated actors need to be analyzed. The
U.K. had an excellent opportunity to formalize the interactions between the CO 2 cap and
the renewables target. In 2004, DTI launched a major review of the Renewables
Obligation (U.K. DTI, 2004c). Questions 17-19 in the preliminary document titled
“Emissions Trading Scheme and the transition to market over time for renewables
technologies” posed in the 2005-2006 review of the Renewables Obligation promised to
illuminate possible linkages between the two programs. The document,
“anticipated much o f the Review’s work in this area will constitute a preliminary
assessment of emerging policy issues which may become important over time,
rather than the basis for any immediate policy or legislative changes to be
introduced following the Review”.
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The document then goes on to identify specific questions
•

initial indications as to the likely impact of the EU ETS on electricity
prices;

• the extent to which, over time, certain lower cost forms of renewables
may become commercially viable without the support of the Obligation
- as a result of the ETS, technology cost reductions or other factors;
• potential impacts of the ETS on the costs of electricity suppliers’
compliance with the RO;
• at what stage the impact of the EU ETS on carbon pricing is likely to be
sufficiently well established in the market to allow the Government to
make firm decisions in this area.
• whether any longer term changes to the Obligation - for example
affecting new projects developed from, say, 2010 onwards - may in time
be required to reflect the emerging impact of the ETS or other measures
which attach a price to carbon emissions.
However, by November 2004 the final terms of reference document for the Renewables
Obligation Review (U.K. DTI, 2004d) included only the questions below regarding the
interactions between the two programs. The scope of the review stated:
“The transition to market of renewable technologies over time, either from the
impact of carbon pricing, falls in technology costs or other factors. The Review
will also consider at what stage the impact of the EU Emissions Trading scheme
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on carbon pricing is likely to be sufficiently well established in the market to
allow the Government to make firm decisions in this area.”
The final terms of reference document greatly reduced the scope for the consultation to
examine the interactions between the two programs. Thus, it is not terribly surprising
that the preliminary consultation document addresses the ETS in the most general terms.
It acknowledges that low cost renewables technologies could see excess pricing support
and pledged to give participants plenty of notification lead time should support be
reduced on future projects (p.27). In fact, the document commits the government to
reduce support for landfill gas beginning in 2009. But, the specific questions that this
analysis has examined are absent from the government’s inquiry. The lack of attention
to the interactions between the two programs culminated in the final order. There is no
mention of the emissions trading scheme in Renewables Obligation Order 2006 - Final
Decisions (U.K. DTI, 2006) document. Nor did DTI do any modeling on the issue.

Thus, it would appear that either DTI believes that the interactions between the
programs are likely to be insignificant, or else they are aware of the potential
redundancy of the renewables program, and DTI is concerned about the political
ramifications of releasing this information to stakeholders.
The lack of attention to program coordination could be partly due to institutional
factors. The Department of Trade and Industry (DTI) and the Office of Gas and
Electricity Markets (OFGEM) are the two agencies that oversee the Renewables
Obligation, while the Department of the Environment, Food, and Rural Affairs
(DEFRA) is the environment agency responsible for the implementation of the National
- 114 -

Allocation Plan of the EU ETS. The extent that core actors within the two agencies
form a cohesive policy subsystem on climate change and renewables is uncertain. A
policy subsystem is a group of actors at all levels of society whose interests converge in
a given issue area and seek to influence policy outcomes (Sabatier and Jenkins Smith,
1999). The recent reorganization of the environment portfolio in the U.K. has not made
it easier for actors in DEFRA to link to other agency actors on climate change. DEFRA
was formed in response to the hoof and mouth disease epidemic in 2001 when
environmental mandate was stripped from the Department of Environment, Transport,
and the Regions, which itself had been created only four years earlier. The environment
could be perceived as a hot potato, passed around for political expediency (Smith,
2005).
Another likely explanation for ignoring the effects of the ETS on the
Renewables Obligation could be agency rivalry between the DTI and DEFRA. Stokke
(2001) argues that program interplay is partly a function of normative compellence.
When the values of the two agencies are considerably different, coordination becomes
potentially more difficult and the effectiveness of the two programs in the policy area is
likely reduced. While DEFRA is primarily concerned with agricultural issues and the
environment, the DTI is the primary industry regulator. Similar splits can be observed
in other countries as well; imagining the U.S. EPA and the Chamber of Commerce
engaging in turf struggles is not terribly difficult. Between the two agencies there are
indications of considerable differences of opinion on the future of the ETS
(PointCarbon, 2006d). An explanation of the oversight regarding the effects of the ETS
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on the Renewables Obligation is likely too broad to wholly attributed to interagency
rivalries. Until further empirical work on the issue can be undertaken, suffice it to say
that a colossal oversight by the U.K. government allowed it to ignore price interactions
between the two programs. The source(s) of this oversight need to be explored in future
research.
VII.E. Energy Supply Policy Implications
In spite of the administrative issues, the addition of the renewables and CO 2
programs have profound implications for other energy policies in the U.K. In the
Baseline solution with a 15.4% renewables target and emissions at 117 MT in 2020,
CCGT accounts for almost half of electricity generation. Industrial cogeneration, likely
using natural gas as a fuel, combined with peaking gas accounts for another 25% of
generation. Natural gas would provide nearly three quarters of the U.K.’s electricity
needs. This reliance is due to a confluence of factors, one of which is the retirement of
the U .K ’s nuclear fleet due to age and safety concerns. Secondly, the carbon
constraints, along with limitations on criteria pollutants such as S02 and NOx, have
forced the retirement of most of the existing coal fleet. Should these events transpire
similarly to'the modeling indicates, natural gas becomes the essential fuel source. This is
against the backdrop of decline gas production from the North Sea and a reliance on
petroleum imports from the Middle East.
The policy implications for the success of the renewable energy program and
carbon regulation, as explicated in this paper, run deeply into the domain of
international relations as well as energy policy. The 2001 E.U. Green Paper Towards a
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European Strategy fo r the Security o f Energy Supply lays out the “bare bones” of an

energy strategy which has a direct bearing on this research. The three “bare bones are:
•

The E.U. must rebalance its supply policy in favor of a demand policy.

•

Consumer behavior must be changed to favor “better controlled
consumption which is more respectful of the environment.”

•

Global warming must be given priority in supply concerns (p.5).

All three o f these bones have been addressed in this study for the U.K., but the demand
policy warrants further investigation.
One indicator of energy diversity is the Shannon-Weiner Diversity Index.
Originally developed by ecologists to measure the concentration of species within an
ecosystem, when employed by energy planners it is an indicator of fuel diversity.
( 7 .1 )

-X i-P iln (p i)

over all i where p* > 0,
where pi is the proportion of total generation provided by fuel i.
A larger value for the index equates to more diversity in the fuel mix. The trick in
applying the index to the power sector is clearly identifying independent fuel sources.
Coal and diesel offer easy categorization, but wind and gas are a bit more difficult.
While there are significant differences in wind speeds between onshore and offshore
wind, this study has combined wind sources together as one fuel source for the
calculation of the index. Peaking gas and CCGT are lumped together, and following
Grubb, Butler and Sinden (2005) combined heat and power are treated as a separate
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fuel despite the fact that they use gas as a primary fuel source. Thus, there are 15 fuel
sources in this study and if each fuel source contributed an equal amount then the Index
would be maximized at 2.71.
Figure 7-2: Spider Graph of Shannon-Weiner Fuel Diversity Index

Nuclear

Given the parameters employed for this study, each scenario and case hold
different implications for energy security. The Figure 7-2 summarizes the results for
2020 for each scenario and case. The raw scores are 1.58, 1.62, 1.62,1.62, and 1.38 for
the WM, Baseline, GS, Nuclear, and No Programs cases respectively. The worst
scoring output (1.38) is the No Programs case where the Model adds heaps of CCGT
and peaking gas as the least cost resources. The amount of gas in the model
overwhelms the continued presence of old coal as a resource. The biggest surprise in
the model is the relatively poor energy security performance of the Nuclear case. Old
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coal is eliminated in the model due to high CO 2 values and low cost nuclear resources.
With more coal, the performance of the Nuclear case would improve dramatically.
The performance of the Global Sustainability scenario (1.62) is also understated.
The relatively low load (354k GWh) is met with plenty of renewables (20%) but the
other main resource is natural gas in the form of CCGT and peaking gas. Nonetheless,
the generation from gas is about 10% lower than in the Baseline scenario. This reveals
the limitations of the Shannon-Weiner index. Its indicator only measures the presence
of existing inputs as a percent of the total population (diversity), it doesn’t give an
absolute measure of the health of the system. Total generation and gas consumption
under the Global Sustainability is lower than the Baseline scenario due to energy
efficiency investments. However, each o f these scenarios receives a similar score in the
index. If energy efficiency were explicitly credited in the system its score would
approach 1.9 giving it a clear lead over the other contenders. The World Markets
scenario (1.57) adds significant renewables, but the higher load growth is met with more
CCGT, thus reducing its score.
The policy implications that follow from this analysis are straightforward. The
results don’t support the claims of nuclear energy proponents that it provides a source of
fuel security, to the extent that it supplants existing coal fleets. But, assuming no new
nuclear build occurs, the choices for new generation are gas, renewables and coal. A
comparison of the No Programs case to the Baseline scenarios indicates the U.K. would
gain more fuel security by adding renewables to replace coal. This runs counter to coal
enthusiasts who say that continued coal is an important part of energy security. It would
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appear that the worst thing that the U.K. can do is continue to rely on gas to provide its
electricity. The government placed a moratorium on the construction of new CCGT in
the late 1990’s to address the “dash for gas” (U.S. DOE 2004). The results from this
analysis confirm the wisdom of the government’s support for renewables, although we
have seen their methods of support are distorting the energy sector.
VII. F.

Conclusion
The programs analyzed here are at the crux of issues about energy and the

environment. Designing and implementing a system to combat global warming as well
as overcoming the barriers to renewable energy is not an easy task. Each of these
programs improves the materials balance in the U.K. power sector by reducing waste
from electricity generation. Together, the U.K. Renewables Obligation and the National
Allocation Plan (NAP) of the EU Emissions Trading Scheme are aggressive programs
that are altering the business as usual behavior of the electricity industry.
The U.K. is one of the few Member States that actually allocated less CO 2
allowances than its industries were expected to emit in Phase I of the EU ETS (Ecofys,
2004). The Baseline Scenario in this analysis reduces CO 2 emissions in 2020 by 22%
from 2004 levels. Given likely coal and nuclear plant retirements over that period, the
two programs result in CO 2 reductions of 37% from the No Policy case where
considerably more natural gas fired generation is added. These are significant
interventions in a strategic industry that has considerable political power. The U.K.
deserves noteworthy credit for this achievement. The net result from these efforts will
be to reduce the materials requirements for its economy, and an attempt to decouple the
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traditional link between environmental degradation and energy use. The Baseline
program analyzed here reduces emissions from the power sector by nearly 1.5 tons per
capita, over 10% of total 2000 emissions in the U.K.
In spite of its potentially positive environmental outcomes, the U.K. program
embodies both the best and worst aspects of the principle of subsidiarity in the EU. The
implementation of the EU ETS was devolved to Member States to best fit the program
design to local needs and conditions. The U.K. seized the initiative and promulgated
one of the strictest ETS caps. However, in spite of the fact that it had considerable
leeway to best implement the CO2 program in light of existing programs, it chose not to
design explicit pathways for interaction with the Renewables Obligation. When a new
program is imposed on an existing one, like when the ETS was implemented on top of
the Renewables Obligation, power sharing issues between administrative agencies can
test theories of multilevel governance. However, both of these programs are relatively
new and their administration might yet be integrated to optimize their performance.
While administrative authority issues might yet be resolved, this analysis has
argued that, in spite of the bold efforts of the U.K. to improve energy and environmental
outcomes from the power sector, there are grave design flaws in both programs. The
U.K. implementation of the ETS provides excess rents to the power sector by giving
away the entire CO 2 allocation. For each £1 spent on mitigation equipment to meet the
cap, £2 is charged to customers making the cost of carbon high enough to change the
merit order o f generation to lower CO2 sources. This analysis has argued that given the
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certainty about mitigation costs— at least in the short term—that there are potentially
equitable and cost effective program design options available.
The design flaw in the ETS to not auction allowances and recycle the proceeds is
compounded by the design of the Renewables Obligation. The Obligation recycles
noncompliance revenues back to producers rather than consumers. This mechanism
could be fairly innocuous if these revenues were insignificant because suppliers could
easily meet their renewables targets. However, the Obligation’s compliance levels
exceed the market’s ability to deploy renewables. This leads to increased
noncompliance, higher penalties, and subsequent higher consumer costs. The
interaction of these design elements of the Obligation and the ETS leads to inefficient
and asymmetrical welfare outcomes.
This analysis has suggested that revenues from the Obligation and the ETS be
recycled back to consumers either as rebates or in the form of aggressive energy
efficiency investments. Energy efficiency investments can “pay” for a significant
portion of the required CO 2 reductions and preclude investments in new nuclear plants,
These investments are also critical to improve energy security for the U.K.
The U.K. is the world’s first mover in implementing a tradable renewables programs
and a mandatory CO2 cap. Hopefully, other policymakers will learn from interactions
between the two programs in the EJ.K. and enhance the positive outcomes and minimize
the potentially negative outcomes.
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Appendix A: Scenario Details
The following list shows the exogenous parameters for the modeling runs. The
World Markets scenario is a trend following scenario where current policy goals show
little or no increases in stringency for the CO 2 cap or the renewables target.
• The renewables goal for 2010 is the 8.5% estimate in the 2004 National
Audit Office forecast. Because of the difficulties in achieving the earlier
target, the 2020 target is reduced to 10.4% (the U.K. governments’ current
2010 target).
• The CO 2 goal for 2020 is the same 130 million tons as for 2010.130 MT is
the CO2 cap under the first phase (2005-2007) of the U.K. National
Allocation Plan. This compares to 2004 emissions of 167 MT in the model.
• Load growth is assumed to be 1.3% (FES, 2002).
The Baseline scenario takes the government at face value when it says it is committed to
a 20% reduction in CO 2 emissions by 2010 nationwide (U.K. DEFRA, 2004, p. 10).
However, given that the electricity industry is already facing a 20% reduction by 2007,
it is assumed that although the government desires to reduce emissions nationally it
won’t place an additional onerous burden on this sector.
• The Obligation level for 2010 is 9.9%, and the existing 15.4% target for
2015 is continued on until 2020.
• The ETS is assumed to reduce CO 2 emissions another 1% a year from 2010
to 2020 to about 117 million tons.
• Load growth is forecasted at .7% a year (FES, 2002).
Finally, the Global Sustainability scenario foresees a strengthening of existing policies
over the coming decades.
• The renewables target is increased to 20% by 2020.
• The CO2 target is assumed to be reduced at a 2% a year rate through 2020
for a cap o f approximately 104 million tons.
• Load growth is reduced due to installation of end user efficiency options
identified in the Climate Change Programme. The deployment of these
technologies results in a -.2% a year decline in loads (ILEX, 2004).
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Narratives Describing the Three Scenarios

Variable

Econom ic Growth

Industrial Structure

Fiscal and Regulatory
Policies

Environmental
A w areness

Global Environmental
Policies

Energy Consumption

World Markets
Scenario from the
Foresight
Programme
High growth in U.K.
&world trade.
Increased electricity
demand despite loss
of heavy industry.
Decline of nuclear
generation.

High value added
industry thrives. Mix
of some large multi
utilities and many
small scale
generators.
Liberalised open
markets with light
regulation of utility
markets.
Decommissioned
nuclear capacity
replaced by cheaper
options.
Minimal unless
impinging on the life
style of the affluent
Has no impact on
generation.
Weak. Used to
increase trade by
selling generation
technology and
knowledge to
developing countries
in lieu of meeting any
emissions targets.
Increases despite the
decline of the more
energy intensive
industries.
Natural gas is major
fuel, then clean coal
becomes

B u siness-A sUsual Scenario
D eveloped from
Current Policies
and Conditions

Future economic
growth reflects
historical averages.
The U.K. retains
some heavy
industry, but
increasing moves to
service sector with
accompanying
electricity demand.

Due to enlargement,
in the EU and U.S.
free-riding,
environmental
targets remain at
current levels.
Climate change and
energy efficiency
education programs
for consumers from
existing programs
are continued.
Future commitment
periods of the Kyoto
Protocol are similar
to the first. U.S.,
India and China
agree to emissions
intensities programs
that largely permit
BAU emissions.

Baseline demand
remains virtually flat
over the period due
to existing policies
and measures.
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Global
Sustainability
Scenario from the
Foresight
Programme
Emphasis on
sustainable growth.
Fastest growing
sectors include
renewable and
hydrogen based
power systems,
World
Environmental
Organization is
formed and strong
trading programs
are created that
operate within its
rules.
Considerable
investment in ecoefficiency.
Renewable energy
conversion
technology
supported.

Preservation and
restoration of
environment a key
priority.
Strong agreement
to reduce carbon
emissions through
investment and
direct production
subsidies, tax
credits and market
constraints.
Regulatory
incentives provide
motivation towards
meeting increased
demand through
energy efficiency.

competitive.

Energy Security

Energy C osts

Embedded/Distributed
Power

Technological Change

Increased resource
extraction and
exploitation of fossil
fuel based
generation.

Conservation and
increased supplies
are both pursued in
an ad-hoc fashion.

Low.
Competitiveness
important than
efficiency -no
imposed costs
(taxes).

Energy costs are
higher than
historical levels due
to developing
country demand.
Modest carbon
costs are imposed.

New build of natural
gas-fired. Growth of
modular distributed
power systems.

Distributed power
gains market share
due to higher
energy costs, but
central thermal
provides most
baseload power.

Rapid and innovative
based on economic
and resource
availability.________

Innovation
progresses but is
not optimal in the
energy sector due
to underinvestment
in R&D.

Source: Adapted from Foresight Programme (2001), author.
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Energy shared on
an equitable basis
through investment
in infrastructure and
technology transfer
do developing
countries.
High energy costs
from eco-efficient
production using
cleaner or
alternative sources,
or due to carbon
taxation on
production from
older plants.
International
institutions and
federal political
systems push
towards emissionfree generation,
from all energy
sources.
Low interest rates
encourage
investment in all
clean production
techniques and
efficiency
improvements.

Appendix B: Model Verification
Before the Clean Energy Planning Model is used to study the interactions
between the renewable energy and carbon programs, I need to verify the consistency of
its outputs against the output from other models. In order to make this test, both the
models being compared to each other need to share the same data sets, constraints, and
assumptions. Getting access to files of this detail has proven difficult, so I am relegated
to using the data available from published consulting reports and white papers.
The benchmark against which I evaluated the Clean Energy Planning Model
against is the MARKAL model used by Future Energy Solutions (2002,2003) for their
two reports that supplied much of the analytical fodder for the energy white paper Our
Energy Future - Creating A Low Carbon Economy (2003). The reports contain detailed
levelized cost and supply data for each of the baseline, world markets, and global
sustainability scenarios. While this data is appreciated, the reports do not specify the
constraints imposed on the model. However, some of these constraints can be inferred
from the data. The MARKAL model does not endogenously calculate the retirement of
existing nuclear and fossil plants. Rather it relies on fixed lifetimes rather than
estimated costs to control the generation from these units. Because the capital costs of
older plants have been fully depreciated, their cost to operate is much lower than that of
new generators. The MARKAL model has existing coal and nuclear costs at £17.50 and
£12.20 per MWh respectively, while new generation from combined cycle coal costs
£43.40 and new nuclear costs £37.00 per MWh. Without forced retirement of these
plants their cost advantages would mean that they would be included in each optimal
solution in the model. The Future Energy Solutions report (2002) allows low cost
existing coal to continue unchanged in 2010, but reduces it by 27% in 2020, and forces
the retirement of all existing coal by 2030. Similarly, existing nuclear is reduced by
33% in 2010 and another 50% in 2020, and is eliminated totally in 2040.
There are problems with exogenously forcing the retirement of coal and nuclear
plants. First, estimating the useful lifetime of plants is difficult as evidenced by the age
of the coal fleet in the U.S. Here, operator chose to retrofit older plants rather than retire
them outright. The U.K. coal fleet was mostly constructed between 1966 and 1974, so if
a modeler was to assume a 30 year lifetime, these plants would already be retired-which
they are most definitely not. The problem arises when conclusions about future energy
and environmental outcomes are made using static exogenous assumptions about
retirements. The FES reports claim that even without carbon regulation, CO 2 emissions
from the U.K. will decline between 11% and 33% in the three scenarios. This is
partially due to their assumption about the continued penetration of gas turbines at the
expense of the existing coal fleet. While this relationship might have held in the past, it
is unlikely to occur in the future should the coal to gas price differential be as wide as it
currently is.
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The baseline scenarios for 2004,2010, and 2020 utilize price parameters from
the FES (2002) study when available. Unfortunately, the FES study is rather poorly
documented, and the authors did not respond to my requests for data. So, I was forced
to use the information that I had available and extrapolate missing data.
If prices for certain technologies were not reported, then pessimistic 2025 prices
from the ETSU (2000) report are used. This is appropriate because both modeling runs
used a 15% interest rate in the MARKAL model and reached similar prices for other
technologies when reported. Certain viable technologies such as pulverized coal,
peaking gas, industrial and commercial CHP, and diesel reciprocating engines are not
included in either study. Outside sources were used to estimate the levelized costs for
these technologies.
Verification Results
I calibrated the Clean Energy Planning Model against the 2010 and 2020
baseline reference runs reported in FES (2002). The MARKAL assumptions about the
retirement of coal and nuclear plants were fed into my model as well. The baseline
MARKAL run showed a flat demand for electricity over the 20 year period as
improvements in energy intensity offset increases in electricity load growth.
The 2010 results from the Clean Energy Planning Model and the MARKAL
models are comparable. Both models show combined cycle gas turbines and wind
generation replacing the retired coal and nuclear power. In 2010 CCGT accounts for
approximately 42% of generation in the MARKAL model while the Clean Energy
Planning Model shows 48% of generation from this source. The reason for the
discrepancy is the supply of wind that each model optimizes. The 2010 baseline
MARKAL run shows 5% while the planning model indicates less than 1%.
28 The difference is attributable to the supply of wind in the low cost tranches
below the cost o f new CCGT. The MARKAL model somehow finds more supply
available than their documentation states and the modelers have not responded to
repeated data requests. Without having access to the MARKAL constraints it is
impossible to know, but other reports indicate that renewables are expected to achieve a
5% market share under the Non-Fossil Fuel Obligation. This program is the
predecessor to the Renewables Obligation and the 5% expectation is mentioned in the
U.K. Climate Change Programmme (p. 62). It is likely that the incentives or constraints
in this MARKAL run are calibrated to meet this BAU target.

28 Difference in accounting can change the renewables outcome considerably, The Renewables
Obligation is based on net electricity supplied. Using the net electricity supply figure renewables in
2010 account for 3.4% o f supply. Without more details on the MARKAL methodology it is possible
that net supplies are being used to calculate renewables.
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The 2020 results axe similar to the previous period. In 2020, both nuclear and
coal plants come off-line and CCGT replaces the lost capacity in both models. Gas
accounts for 67% of generation in the Clean Energy Planning Model and 58% under
MA RKAL. This 67% is still lower than the 71% figure in the baseline run done by Ilex
(Ilex, 2004). Wind capacity in model and MARKAL stays flat from the previous
period. The model verification procedure indicates that the two models converge to
similar results and could result in equal outcomes if their constraints are uniform.
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Appendix C: Modeling Assumptions
Emissions Intensities by Technology
Emissions factors for individual plants in the U.K. are not available. A such, I used
estimated intensities from DTI29. They are .50 tons / MWh for diesel, .91 for coal, .50
for peaking gas, .40 for CCGT that are assumed to be 20% more efficient than simple
cycle turbines (CDM Methodology). Emissions from pumped storage are estimated at
the grid average of .42 tons per MWh. The emissions for IGCC and new coal are from
DOE (1999).
Coal and Gas Generation Technologies Supplies and Build Rates
Fossil build rate varies according to the technology. The supply of these
technologies assumes limits to the number of plants that can be installed in any given
year. These constraints are due to limitations in the availability of financial analysts,
electrical and mechanical engineers, siting approval, interconnection approval and
construction, and other planning and development constraints. Diesel and commercial
CHP are distributed technologies and thus have a high build rate of 100 units a year..
Peaking gas, industrial CHP, and CCGT are central station plants. This study assumes a
max of 20 plants could be built in any given year for gas and CCGT and 50 plants a year
for industrial CHP. The capacity for new and IGCC coal, as well as nuclear, is political
and assumes one new plant a year for each technology. The effective supply for each of
these technologies for 2010 and 2020 then is the annual build rate * number of years
available minus the lead time for the technology* the average plant size. Lead times
and average plant sizes come from the 2005 Assumptions to the Annual Energy Outlook.
CHP supplies are from Cambridge Econometrics (2002) Base Case for 2010. Shows
10k Mwe for 2010. Supply figures use .80 capacity factor. CHP incentives are derived
from Cambridge Econometrics (2002, p. 18). Commercial generators are assumed to
receive 75% of the wholesale price of electricity for their exports, while industrial
generators are assumed to receive 90% of this price. The price of CCGT is used as price
proxy for wholesale power prices. Commercial CHP is credited with exporting 32.6%
of its qualifying power output, and industrial is credited with exporting 53.5%. These
figures are derived from Tables B2-B4 in Cambridge Econometrics (2004).
The supply of electricity exports from CHP to the system is based on Table B4. For the
global sustainability case, commercial exports are derived from the micro CHP and
500kW-5MW CCGT categories with potential supply of 20,000 GWh in 2010.
Industrial exports come from the +50MW CCGT category which is approximately equal
to 35,000 GWh in 2010. 2020 supplies for the three scenarios are estimated at 150% of

29 http: //w w w .dti.gov. uk/energy/consumers/fuel_mix/index.shtml
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the relevant 2010 data. This is a conservative estimate as the Wu et al (2004) report
finds a 130 to 200% increase for the two periods.
Transmission and Distribution Losses
Transmission losses are estimated by technology rather than by geographical
proximity to load centers. All technologies except for CHP are subjected to 1.5%
transmission losses. Distribution losses are not modeled.
Wind Integration Costs
There are potentially significant costs associated with the intermittent nature of
intermittent generation sources such as wind power. Known as the costs of “ancillary
sendees”, they are incurred by balancing the aggregate demand for power with the
output from all the generators connected to the system. Cost estimates are variable due
to several reasons. First, we don’t have much experience integrating large quantities of
wind into the system. Second, the costs of integration depend heavily on the type of
asset used to balance the wind. Hydro resources can be utilized quickly and cheaply
compared to thermal resources such as coal plants that are typically used to service
baseload because o f their long start up times and high start up costs. However, in spite
of the uncertainty there is agreement that the cost are a function of the amount of
intermittent resources being integrated relative to the size of the grid (Smith et al, 2004).
It costs more to integrate 20% wind than 2%. For this reason, this study uses assumes
increasing costs, from £.30 / MWh with renewables at 3% in 2004 to £3 / MHw with
renewables at 20% in 2020 under the global sustainability scenario. These prices are
based on reviews of cost estimates in Smith et al (2004). The ancillary costs for the
baseline and world markets scenarios are a function of their renewables targets relative
to the maximum ancillary cost under global sustainability scenario.
Intermittent sources of generation of power such as wind are financially
penalized in a competitive power market for another reason as well. The power pool in
the U.K. established under the New Electricity Trading Arrangements rewards
predictable sources of generation. It does so by making any generator whose output is
different that what it contracted for pay for the system operator’s costs for rebalancing.
(U.K. NAO, 2003, p. 12). The cost to the system operator for balancing shortages is
measured by the difference between the system buy price and the system sell price. The
average difference between these two prices has decreased from £70 to £22 as of 2003.
This study assumes that this difference will continue to decline so that a MWh from
wind will end up paying £5 for the 2010 and 2020 periods.
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Plant closures
The large combustion plant directive (LCPD) begins 1st Jan 2008. (U.K. DTI
2004a). The Directive allows compliance in two ways. The first option is that that all
large thermal plants (> 50 MW) built before 1987 need to be retrofitted to meet current
best available technology limits. Member states can also meet compliance with the
directive by developing a national plan that would meet the reduction targets. There is
still considerable uncertainty about what the final form of the U.K. plan will take and its
implications for existing coal plants. Although it is pretty clear all existing plants will be
impacted by the Directive, estimating the cost of compliance with the Directive or if flue
gas desulfiirization is even possible to make the existing fleet meet the Directive, is
beyond the scope of this research.
Thus, for this modeling exercise, no output restrictions are placed on coal plants
in 2010, and for 2020 existing coal generation is reduced by 50% which is the BAU
level from the ILEX / WWF report (2004). Utilizing an exogenous parameter for coal
plant rather than letting the model optimize generation from the is source is appropriate
because unless carbon prices are high, the cost advantage of fully amortized coal plants
is so great that a least cost solution will keep them in the final solution.
Nuclear closures reflect the announced closure dates used in ILEX / WWF p. 9.
For 2010, nuclear output remains unchanged from current levels but by 2020 only the
Sizewell B is the only plant remaining open. This results in a 60% reduction in output
from existing nuclear plants from around 80 TWh to 32 TWh.
Imports and Exports of Electricity
This analysis treats the U.K. as one unit and as a result, Scotland, Ireland and N.
Ireland are modeled together. There is a very important 2,200 MW interconnector
between Scotland and England that is likely due to be upgraded to carry wind power
from Scotland to load centers in England. However, without information on individual
plant’s heat rates and emissions factors there was no incentive to model capacity on a
geographical basis and thus the model’s scope is the entire U.K. There is a preference
for this as the ILEX model treats the U.K. as on unit with the exception of N. Ireland
which represents less than 2% of load (ILEX / WWF, 2004). Including this 2%
increment with the larger network shouldn’t affect the robustness of the modeling
results.
A 2000 MW interconnector between France and U.K. provides the only link
between U.K. power markets and the continent. For the purposes of this analysis,
electricity from France is modeled as another source of supply. The U.K. has
historically exported very little power but has instead been a large importer. The
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average imports for the period 1996-2003 are used to represent the supply from the
France interconnector which equals approximately 12,000 GWh30.
Energy Efficiency
Estimates for total energy efficiency economic potential in 2010 is 23% of residential
electricity consumption according to DEFRA (2004) while the target under the Climate
Change Programme is 21% or about 33.7 tons of CO 2 . Economic potential rises to 36%
in 2020 which is coincidently the government’s target (PIU, 2002). DEFRA uses a
weighted average £58.2 MWh electricity price for this calculation.

Electricity Supplied
World Markets
Baseline
Global Sustainability

GWh
Growth
P-a.

1.3%
0.7%
-0.2%

2004
398,958

2010
429,831

2020
486,685

398,958
398,958

416,010
394,195

446,066
386,381

For the purposes of this analysis, the total savings from energy efficiency are
included in the Clean Energy Planning Model. But the amount of efficiency uptake is
modeled exogenously because the government’s Energy Efficiency Commitment and
the Climate Change Levy are independent programs with penetration rates that are
either completely independent of electricity prices as in the Commitment, or are subject
to the same market barriers that have disallowed the achievement of the negative cost
measures currently. The savings from energy efficiency are incorporated into the
estimates of load growth for the period. The world markets and Baseline scenario load
growths are taken from the U.K. DTI Updated Emissions Projections (2004) used for
the national allocation plan. The data in the table above are not including the impacts on
demand from price elasticities. The Global Sustainability load growth is taken from an
ILEX (2004) analysis of the energy efficiency measures in the Energy White Paper and
the Climate Change Program (p. 6).
Technology Descriptions
The estimates for cost and heat rates of fossil fuel generation sources come from a
variety of sources. Cost estimates from existing plants come from FES (2002) and U.S.
EIA (1998), as well as U.S. EIA (2005), and ILEX / WWF (2004).
•
•
•

Old Coal- pulverized coal generation that represents the bulk of existing coal plants
New Coal- supercritical pulverized coal with Flue Gas Desalinization scrubbers
IGCC Coal- integrated gaseous combined cycle coal that reuses waste heat for
additional power generation or other industrial uses

30 From DUKES table 5.5 for 2004,
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•

•
•
•
•
•

CCCT Gas-combined cycle combustion turbine consisting of a General Electric “G”
frame gas turbine that reuses waste heat for additional power generation or other
industrial use
Peaking Gas- “G” frame turbine without heat recapture
Fuel Cell-best available technology powered by reformed natural gas.
Pumped Storage— water is pumped into reservoirs during low5cost off peak hours to
generate electricity during peak periods.
Nuclear
Industrial and Commercial Cogeneration—Capital costs come from Cambridge
Econometrics (2002). Heat rates, and capacity factors are estimated from industry
literature. Commercial CHP heatrate is based on Deutze 950kw recip engine at 60%
load factor for an overall efficiency rating of 80%. Industrial CHP is from the NW
Power and Conservation Council’s 5th power plan.

Eight renewable technologies are modeled, each with a resource cost curve with three
data points. All the renewables costs come from ETSU (2000) with the exception of
both types o f wind, tidal stream, and energy crops which come from the baseline run in
FES (2002), The FES report doesn’t have prices for onshore wind for 2020, only 2010
and 2040. Therefore the 2020 estimate is an average of the two prices. The ETSU
(2000) study reports renewables supplies using an 8% and 15% interest rate for 2010
and 2025, the 15% estimate is used for this study. The 2025 data in the report is used as
a proxy for 2020.
•

•
•
•
•

•
•
•

Onshore Wind—9 tranches from FES (2002) are divided into 3 tranches for the
model. Total supply for each tranche is the sum of the three relevant tranches and
utilizes the median cost and capacity factor.
Offshore Wind
Landfill Gas
Hydro--r-electricity generated from hydro resources less than 20 MW in capacity.
Biomass consists of agricultural and forestry wastes and falls into two main groups:
dry combustible wastes like forestry wastes, straw and poultry litter (60%), and wet
wastes like green agricultural crop wastes (eg root vegetable tops) and farm slurry
(40%).
Tidal Stream— electricity is generated from low speed turbines underwater using the
ocean currents.
Energy Crops—Energy crops are plants grown specifically for use as a fuel.
Waste-rWaste incineration projects are ineligible for commissioning under the
renewables obligation and thus do not receive the ROC revenues.
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Model Limitations
Peak Load Requirement: pumped storage, diesel, or peaking gas/oil must be 3% o f load.
This is based on the part o f total generation for 2004 from these technologies. A longer
data set would have increased the reliability of this estimate but it is a small part of the
total supply regardless.
Modeling Assumptions Regarding the Value of Capacity or Unserved Energy
The modeling done for this analysis does not include any value for reserve generation
capacity. The value of capacity is called the value of unserved energy by the U.S.
DOE31. In the U.S. DOE model, a value of $3 is used to estimate the costs of keeping
sufficient capacity available on reserve to meet unexpected increases in load. The $3
value brings the model’s estimates of wholesale prices more in line with empirical
prices. Due to a lack of data on what the value of capacity should be for the U.K., this
input was not included in the runs with the Clean Energy Planning Model.
Emissions Mitigations Costs for sulfur dioxide (SO 2), nitrogen oxide (NOx),
particulate matter (PM), and mercury, (Hg).
Year

2020

YEAR
2004
2010
2020
2030
2040

Pollutant

C 02
Allowance
Price $/ton

£0.00
£0.00
£0.00
£0.00
£0.00

Hg
S02
PM
Mitigation
Allowance NOx Allowance Mitigation
C ost $/
MWh
Price $/ton
C ost $/ MWh
Price $/ton
£20* 60
£1,100 00
£0 58
£2 32
z.2 32
f 204 6J
£1,10000
m 5p
£204 60
£1 <00 00
£2 32
£0 58
£0CE
£204 bO
£1 -0C 00
£2 32
£0 58
f204 6^
£2 32
£1,100 00

31 U.S. DOE. (2004). The Electricity Market Module o f the National Energy M odeling System: M odel
Documentation Report. March.
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2020 Levelized Costs and Emissions Rates by Technology—No CO 2 Cost
TECHNOLOGY
Misc-lmports
(France)
Misc-Large
Hydro
Misc-Pumped
Storage

C 02
2020
LEVELIZED EMISSIONS
TECHNOLOGY
RATES
COST

C 02
2020
LEVELIZED EMISSIONS
COST
RATES

£35.00

0.000

RES-Waste1

£35.00

0.000

£25.00

0.000

RES-Waste2

£55.00

0.000

£40.00

0.480

£70.00

0.000

Nuclear

£30.30

0.000

£39.10

0.000

RES-Biomass1

£40.00

0.000

£43.00

0.000

RE3-Biomass2

£50.00

0.000

£50.00

0.000

RES-Biomass3
RES-Energy
Cropsl
RES-Energy
Crops2

£60.00

0.000

£25.00

0.000

£42.50

0.000

£30.00

0.000

£50.00

0.000

£35.00

0.000

RES-Hydro1

£50.00

0.000

£35.89

0.400

RES-Hydro2

£70.00

0000

£41.38

0.400

RES-Hydro3
RES-LFG1

£90.00
£30.00

0.000
0.000

£32.09
£49.82

0.400
0.500

RES-LFG2

£35.00

0.000

£34.30

0.679

RES-LFG3
RES-Tidal
Stream 1
RES-Tidal
Stream2
RES-Tidal .
Stream3

£40.00

0.000

£31.59

0.790

£49.60

0.000

£23.22

0.910

£63.90

0.000

RES-Waste3
RES-WindOffshorel
RES-WindOffshore2
RES-WindOffshore3
RES-WindOnshorel
RES-WindOnshore2
RES-WindOnshore3
Thermal-CCCT
Gas
Thermal-CHPComm
Thermal-CHPIndust
Thermal-Diesel
Thermal-IGCC
Coal
Thermal-New
Coal
Thermal-Old
Coal
Thermal-Peaking
Gas

£34.63

0.500

£73.30

0.000
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Appendix D: List of Acronyms
CCGT
CHP
CO?.
ETS
EUAs
GHG
GWh
M l'
MWh
RES
RO
ROCs
RJPS

combined cycle gas turbine
combined heat and power plants
carbon dioxide—the primary greenhouse gas from the power sector
emissions trading scheme (or system)
EU Allowance to emit a ton of CO 2
greenhouse gas
a thousand MWh
million tons of CO2
a thousand kWh
renewable energy sources
the U.K.’s Renewables Obligation
Renewable Obligation Certificates
renewable portfolio standard
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Appendix E: Diagram of the Clean Energy Planning Model

Diagram of the CEPM®
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